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(57) ABSTRACT 
A driving method for an optical modualtion device is 
applicable to driving of an optical modulation device, 
e.g. a liquid crystal device having a matrix electrode 
arrangement comprising a group of scanning elec 
trodes, a group of signal electrodes oppositely spaced 
from the group of scanning electrodes, and an optical 
modulation material (e.g. a liquid crystal) showing bist 
ability with respect to an electrical field applied thereto 
disposed between the groups of scanning electrodes and 
signal electrodes. The driving method is featured by 
applying a voltage allowing the liquid crystal having 
bistability to be oriented to a first stable state (one opti 
cally stable state) between a selected scanning electrode 
of the group of scanning electrodes and a selected signal 
electrode of the group of signal electrodes, and by ap 
plying a voltage allowing the liquid crystal having bist 
ability to be oriented to a second stable state (the other 
optically stable state) between the selected scanning 
electrodes and non-selected signal electrodes; or by 
applying a voltage allowing the optical modulation 
material having bistabity to be oriented to a first stable 
state between a selected scanning electrode and the 
group of signal electrodes, applying a voltage allowing 
the liquid crystal oriented to the first stable state to be 
oriented to a second stable state between the selected 
scanning electrode and a selected signal electrode, and 
applying a voltage set to a value between a threshold 
voltage -Vih2 (for the second stable state) and a thresh 
old voltage Vh1 (for the first stable state ) between 
non-selected scanning electrodes and the group of sig 
nal electrodes. 

140 Claims, 89 Drawing Figures 
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METHOD OF ORIVING OPTICAL MODULATION 
DEVICE USING FERROELECTRIC LIQUID 

CRYSTAL 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a method of driving 

an optical modulation device, e.g. liquid crystal device, 
and more particularly to a time-sharing driving method 
for a liquid crystal device for use in an optical modula 
tion device, e.g. a display device, an optical shutter 
array, etc. 

2. Description of the Prior Art 
Hitherto, liquid crystal display devices are well 

known, which comprise a group of scanning electrodes 
and a group of signal electrodes arranged in a matrix 
manner, and a liquid crystal compound is filled between 
the electrode groups to form a plurality of picture ele 
ments thereby to display images or information. These 
display devices employ a time-sharing driving method 
which comprises the steps of selectively applying ad 
dress signals sequentially and cyclically to the group of 
scanning electrodes, and parallely effecting selective 
application of predetermined information signals to the 
group of signal electrodes in synchronism with address 
signals. However, these display devices and the driving 
method therefor have a serious drawback as will be 
described below. 
Namely, the drawback is that it is difficult to obtain 

high density of a picture element or large image area. 
Because of relatively high response speed and low 
power dissipation, among prior art liquid crystals, most 
liquid crystals which have been put into practice as 
display devices are TN (twisted nematic) type liquid 
crystals, as shown in "Voltage-Dependent Optical Ac 
tivity of a Twisted Nematic Liquid Crystal' by M. 
Schadt and W. Helfrich, Applied Physics Letters Vol. 
18, No. 4 (Feb. 15, 1971) pp. 127-128. In the liquid 
crystals of this type, molecules of nematic liquid crystal 
which show positive dielectric anistropy under no ap 
plication of an electric field form a structure twisted in 
the thickness direction of liquid crystal layers (helical 
structure), and molecules of these liquid crystals are 
aligned or oriented parallel to each other in the surfaces 
of both electrodes. On the other hand, nematic liquid 
crystals which show positive dielectric anisotropy 
under application of an electric field are oriented or 
aligned in the direction of the electric field. Thus, they 
can cause optical modulation. When display devices of 
a matrix electrode array are designed using liquid crys 
tals of this type, a voltage higher than a threshold level 
required for aligning liquid crystal molecules in the 
direction perpendicular to electrode surfaces is applied 
to areas (selected points) where scanning electrodes and 
signal electrodes are selected at a time, whereas a volt 
age is not applied to areas (non-selected points) where 
scanning electrodes and siqnal electrodes are not se 
lected and, accordingly, the liquid crystal molecules are 
stably aligned parallel to the electrode surfaces. When 
linear polarizers arranged in a cross-nicol relationship, 
i.e. with their polarizing axes being substantially per 
pendicular to each other, are arranged on the upper and 
lower sides of a liquid crystal cell thus formed, a light 
does not transmit at selected points while it transmits at 
non-selected points. Thus, the liquid crystal cell can 
function as an image device. 
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2 
However, when a matrix electrode structure is con 

stituted, a certain electric field is applied to regions 
where scanning electrodes are selected and signal elec 
trodes are not selected or regions where scanning elec 
trodes are not selected and signal electrodes are selected 
(which regions are so called "half-selected points"). If 
the difference between a voltage applied to the selected 
points and a voltage applied to half-selected points is 
sufficiently large, and a voltage threshold level required 
for allowing liquid crystal molecules to be aligned or 
oriented perpendicular to an electric field is set to a 
value therebetween, the display device normally oper 
ates. However, in fact, as the number (N) of scanning 
lines increases, a time (duty ratio) during which an 
effective electric field is applied to one selected point 
when a whole image area (corresponding to one frame) 
is scanned decreases with a ratio of 1/N. For this rea 
son, the larger the number of scanning lines are, the 
smaller is the voltage difference as an effective value 
applied to a selected point and non-selected points when 
repeatedly scanned. As a result, this leads to unavoida 
ble drawbacks of lowering of image contrast or occur 
rence of crosstalk. These phenomena result in problems 
that cannot be essentially avoided, which appear when 
a liquid crystal not having bistable property (which 
shows a stable state where liquid crystal molecules are 
oriented or aligned in a horizontal direction with re 
spect to electrode surfaces, but are oriented in a vertical 
direction only when an electric field is effectively ap 
plied) is driven, i.e. repeatedly scanned, by making use 
of time storage effect. To overcome these drawbacks, 
the voltage averaging method, the two-frequency driv 
ing method, the multiple matrix method, etc. have al 
ready been proposed. However, no method is sufficient 
to overcome the above-mentioned drawbacks. As a 
result, it is the present state that the development of 
large image area or high packaging density in respect to 
display elements is delayed because of the fact that it is 
difficult to sufficiently increase the number of scanning 
lines. 

Meanwhile, turning to the field of a printer, as means 
for obtaining a hard copy in response to input electric 
signals, a Laser Beam Printer (LBP) providing electric 
image signals to electrophotographic charging member 
in the form of lights is the most excellent in view of 
density of a picture element and a printing speed. 

However, the LBP has drawbacks as follows: 
(1) It becomes large in apparatus size. 
(2) It has high speed mechanically movable parts such 

as a polygon scanner, resulting in noise and requirement 
for strict mechanical precision, etc. 

In order to eliminate drawbacks stated above, a liquid 
crystal shutter-array is proposed as a device for chang 
ing electric signals to optical signals. When picture 
element signals are provided with a liquid crystal shut 
ter-array, however, 4000 signal generators are required, 
for instance, for writing picture element signals into a 
length of 200 mm in a ratio of 20 dots/mm. Accord 
ingly, in order to independently feed signals to respec 
tive signal generators, lead lines for feeding electric 
signals are required to be provided to all the respective 
signal generators, and the production has become diffi 
cult. 

In view of this, another attempt is made to apply a 
line of image signals in a time-sharing manner with 
signal generators divided into a plurality of lines. 
With this attempt, signal feeding electrodes can be 

common to the plurality of signal generators, thereby 



3. 
enabling remarkable reduction of the number of sub 
stantially required lead wires. However, if the number 
(N) of lines is increased while using a liquid crystal 
showing no bistability as usually practised, a signal 
"ON" time is substantially reduced to 1/N. This results 
in difficulties that light quantity obtained on a photo 
conductive member is lessened crosstalk occurs, etc. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a novel 
method of driving an optical modulation device, partic 
ularly a liquid crystal device, which can solve all draw 
backs encountered with prior art liquid crystal display 
devices or liquid crystal optical shutters as stated above. 
Another object of the invention is to provide a liquid 

crystal device driving method which can realize high 
responsiveness. 
Another object of the invention is to provide a liquid 

crystal device driving method which can realize high 
density of a picture element. 
Another object of the invention is to provide a liquid 

crystal driving method which does not produce cross 
talk. 
Another object of the invention is to provide a novel 

method of a driving a liquid crystal device wherein the 
liquid crystal which shows a bistability with respect to 
an electric field, particularly a ferroelectric chiral smec 
tic C- or H-phase liquid crystal is used. 
Another object of the invention is to provide a novel 

driving method suitable for liquid crystal devices hav 
ing a high density of picture elements and a large image 
38. 

To achieve these objects, there is provided a driving 
method of an optical modulation device, e.g. a liquid 
crystal device having a matrix electrode arrangement 
comprising a group of scanning electrodes, a group of 
signal electrodes oppositely spaced from the group of 
scanning electrodes, and an optical modulation material 
(e.g. a liquid crystal) which shows bistability with re 
spect to an electric field between the group of scanning 
electrodes and the group of signal electrodes the im 
provement wherein 

a voltage permitting the liquid crystal showing bista 
bility to be oriented to a first stable state (one optically 
stable state) is applied between a scanning electrode 
selected from the group of scanning electrodes and a 
signal electrode selected from the group of scanning 
electrodes, and a voltage permitting the liquid crystal 
showing bistability to be oriented to a second stable 
state (the other optically stable state) is applied between 
the selected scanning electrode and signal electrodes 
which are not selected from the group of signal elec 
trodes; 

or a voltage permitting the optical modulation mate 
rial showing bistability to be oriented to the first stable 
state is applied between a scanning electrode selected 
from the group of scanning electrodes and the group of 
signal electrodes, and a voltage causing the liquid crys 
tal oriented to the first stable state to be oriented to the 
second stable state is applied between the selected scan 
ning electrode and a signal electrode selected from the 
group of signal electrodes; and 
a voltage having a value lying between a threshold 

voltage Vih2 (referring to a threshold voltage of the 
second stable state) and a threshold voltage Vh1 (refer 
ring to a threshold voltage of the first stable state) of the 
liquid crystal showing bistability is applied between 
scanning electrodes which are not selected from the 
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group of the scanning electrodes and the group of signal 
electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings, 
FIG. is a perspective view schematically illustrat 

ing a liquid crystal device having a chiral smectic phase 
liquid crystal, 
FIG. 2 is a perspective view schematically illustrat 

ing the bistability of the liquid crystal device used in the 
method of the present invention, 
FIG. 3 is a schematic plan view illustrating an elec 

trode arrangement of a liquid crystal device used in the 
driving method according to the present invention, 

FIG. 4A(a) shows a waveform of electric signals 
applied to a selected scanning electrode, 
FIG. 4A(b) shows a waveform of an electric signal 

applied to non-selected scanning electrodes, 
FIG. 4A(c) shows a waveform of an information 

signal applied to a selected signal electrode, 
FIG. 4A(d) shows a waveform of an information 

signal applied to non-selected signal electrodes, 
FIG. 4B(a) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element A, 
FIG. 4B(b) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element B, 
FIG. 4B(c) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element C, 
FIG. 4B(a) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element D, 
FIG. 5(a) shows a waveform of an electric signal of a 

selected scanning electrode in a second embodiment of 
the invention, 
FIG. 5(b) shows a waveform of an electric signal of 

non-selected scanning electrodes in the second embodi 
ment, 
FIG. 5(c) shows a waveform of an information signal 

applied to a selected signal electrode in the second em 
bodiment, 

FIG. 5(d) shows a waveform of an information signal 
applied to a non-selected signal electrode in the second 
embodiment, 

FIG. 6(a) shows a waveform of an electric signal of a 
selected scanning electrode in a third embodiment of 
the invention, 

FIG. 6(b) shows a waveform of an electric signal of a 
non-selected scanning electrode in the third embodi 
ment, 
FIG. 6(c) shows a waveform of an information signal 

applied to a non-selected signal electrode in the third 
embodiment, 
FIG. 6(d) shows a waveform of an information signal 

applied to non-selected signal electrodes in the third 
embodiment, 
FIG. 7A(a) shows a waveform of an electric signal 

applied to a selected scanning electrode, 
FIG. 7A(b) shows a waveform of an electric signal 

applied to non-selected scanning electrodes, 
FIG. 7A(c) shows a waveform of an information 

signal applied to a selected signal electrode, 
FIG. 7A(d) shows a waveform of an information 

signal applied to non-selected signal electrodes, 
FIG.7B(a) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element A, 
FIG.7B(b) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element B, 
FIG. 7B(c) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element C, 
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FIG.7B(a) shows a waveform of a voltage applied to 
a liquid crystal corresponding to a picture element D, 
FIG. 8A(a) shows a waveform of an electric signal 

applied to a selected scanning electrode in a further 
embodiment, 

FIG. 8A(b) shows a waveform of an electric signal 
applied to non-selected scanning electrodes in the fur 
ther embodiment, 
FIG. 8A(c) shows a waveform of an information 

signal applied to a selected signal electrode in the fur 
ther embodiment, 
FIG. 8A(d) shows a waveform of an information 

signal applied to non-selected signal electrodes in the 
further embodiment, 
FIG. 8B(a) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element A in 
the further embodiment, 
FIG. 8B(b) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element B in 
the further embodiment, 
FIG. 8B(c) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element C in 
the further embodiment, 
FIG. 8B(a) shows a waveform of a voltage applied to 

a liquid crystal corresponding to a picture element D, 
FIGS. 9(a), 9(b), 9(c) and 9(d) are explanatory views 

each showing an example of a waveform of a voltage 
applied to a signal electrode, respectively, 

FIG. 10A(a) shows a waveform of an electric signal 
applied to a selected scanning electrode, 
FIG. 10A(b) shows a waveform of a signal applied to 

non-selected scanning electrodes, 
FIG. 10A(c) shows a waveform of an information 

signal applied to a selected signal electrode, 
FIG. 10A(d) shows a waveform of an information 

signal applied to non-selected signal electrodes, 
FIG. 10B(a) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element A, 
FIG. 10B(b) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element B, 
FIG. 10B(c) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element C, 
FIG. 10B(a) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element D, 
FIG. 11 is a graph showing how drive stability varies 

depending upon k which is an absolute value of a ratio 
of an electric signal V1 applied to scanning electrodes 
and electric signals V2 applied to signal electrodes, 
FIG. 12A(a) shows a waveform of an electric signal 

applied to a selected scanning electrode, 
FIG. 12A(b) shows a waveform of an electric signal 

applied to non-selected scanning electrodes, 
FIG. 12A(c) shows a waveform of an information 

signal applied to a selected signal electrode, 
FIG. 12A(d) shows a waveform of an information 

signal applied to non-selected signal electrodes, 
FIG. 12B(a) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element A, 
FIG. 12B(b) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element B, 
FIG. 12B(c) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element C, 
FIG. 12B(a) shows a waveform of a voltage applied 

to a liquid crystal corresponding to a picture element D, 
FIG. 12C is an explanatory view illustrating an exam 

ple of an image created by a liquid crystal device after 
one frame scanning is completed, 
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6 
FIG. 12D(a) is an explanatory view showing an ex 

ample of an image wherein the image shown in FIG. 
12C is partially changed by writing, 
FIG. 12D(b) shows a waveform of an information 

signal applied to a signal electrode to which new image 
information is not to be provided when the image is 
partially rewritten, 
FIGS. 12D(c) and 12D(d) are waveforms showing a 

voltage applied to a liquid crystal between a signal 
electrode to which new image information is not to be 
provided when the image is partially rewritten and a 
selected scanning electrode, and between the signal 
electrode and non-selected scanning electrodes, respec 
tively, 
FIG. 13(a) shows a waveform of a signal applied to a 

selected scanning electrode in a still further embodi 
ment, 
FIG. 13(b) shows a waveform of a signal applied to 

non-selected scanning electrodes in the still further 
embodiment, 
FIGS. 13(c) and 13(d) are waveforms showing infor 

mation signals applied to a selected signal electrode and 
non-selected electrodes, respectively, among signal 
electrodes which are to be provided with new image 
information, 

FIG. 13(e) shows a waveform of a signal applied to a 
signal electrode which are not to be provided with new 
image information, 

FIG. 14(a) shows a waveform of a signal applied to a 
selected scanning electrode in a further embodiment, 

FIG. 14(b) shows a waveform of a signal applied to 
non-selected scanning electrodes in the further embodi 
ment, 
FIGS. 14(c) and 14(d) are waveforms showing an 

information signals applied to a selected signal elec 
trode and non-selected electrodes, respectively, among 
signal electrodes which are to be provided with new 
image information in the further embodiment, 

FIG. 14(e) shows a waveform of a signal applied to a 
signal electrode which are not to be provided with new 
image information, 

FIG. 15 is a plan view illustrating matrix electrodes 
used in a driving method according to the present in 
vention, 
FIGS. 16(a) to 16(d) are explanatory views each 

showing an electric signal applied to the matrix elec 
trodes, 
FIGS. 17(a) to 17(d) are explanatory views showing 

a waveform of a voltage applied between the matrix 
electrodes, 

FIG. 18(a) shows a time chart based on a driving 
method having no time period for applying an auxiliary 
signal, 
FIGS. 18(b), 20 and 22 show time charts used in a 

driving method according to the present invention, 
FIG. 19 is a graph showing how a voltage applying 

time depends upon a threshold voltage of a ferroelectric 
liquid crystal, 
FIG. 21(a) shows a block diagram illustrating an 

example of a driving circuit which is driven based on 
the time chart shown in FIG. 20, 
FIG. 21(b) shows waveforms each showing clock 

pulses (CS), an output of a data generator, and a signal 
(DM) of a data modulator to produce drive signals for 
a group of signal electrodes shown in FIG. 21(a), 
FIG. 21(c) shows an example of a circuit diagram for 

producing the output signal (DM) of the data modulator 
shown in FIG. 21(b), and 
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FIG. 23 is a plan view illustrating a liquid crystal 
optical shutter to which a driving method according to 
the present invention is applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Initially, as an optical modulation material used in a 
driving method according to the present invention, a 
material which shows either a first optically stable state 
or a second optically stable state depending upon an 
electric field applied thereto, i.e. bistability with respect 
to the applied electric field, particularly a liquid crystal 
having the above-mentioned property, may be used. 

Preferable liquid crystals having bistability which can 
be used in the driving method according to the present 
invention are smectic, particularly chiral smectic liquid 
crystals having ferroelectricity. Among them, chiral 
smectic C (SmC')- or H (SmH')-phase liquid crystals 
are suitable therefor. These ferroelectric liquid crystals 
are described in, e.g. “LE JOURNAL DE PHYSIOUE 
LETTERS' 36 (L-69), 1975 "Ferroelectric Liquid 
Crystals"; "Applied Physics Letters' 36 (11) 1980, 
"Submicro Second Bistable Electrooptic Switching in 
Liquid Crystals”, “Solid State Physics' 16 (141), 1981 
“Liquid Crystal”, etc. Ferroelectric liquid crystals dis 
closed in these publications may be used in the present 
invention. 
More particularly, examples of ferroelectric liquid 

crystal compound used in the method according to the 
present invention are disiloxybensilidene-p'-amino-2- 
methylbutyl-cinnamate (DOBAMBC), hexyloxyben 
zilidene-p'-amino-2-chloropropylcinnamate (HO 
BACPC), 4-O-(2-methyl)-butylresorcilidene-4'- 
octylaniline (MBRA8), etc. 
When a device is constituted using these materials, 

the device may be supported with a block of copper, 
etc. in which a heater is embedded in order to realize a 
temperature condition where the liquid crystal com 
pounds assume an SmC'- or SmH'-phase. 

Referring to FIG. 1, there is schematically shown an 
example, of a ferroelectric liquid crystal cell. Reference 
numerals 11 and 11a denote base plates (glass plates) on 
which a transparent electrode of, e.g. In2O3, SnO2, ITO 
(Indium-Tin Oxide), etc. is disposed, respectively. A 
liquid crystal of an SmC'-phase in which liquid crystal 
molecular layers 12 are oriented perpendicular to sur 
faces of the glass plates is hermetically disposed there 
between. A full line 13 shows liquid crystal molecules. 
Each liquid crystal molecule 13 has a dipole moment 
(PI) 14 in a direction perpendicular to the axis thereof. 
When a voltage higher than a certain threshold level is 
applied between electrodes formed on the base plates 11 
and 11a, a helical structure of the liquid crystal mole 
cule 13 is loosened to change the alignment direction of 
respective liquid crystal molecules 13 so that the dipole 
moments (PL) 4 are all directed in the direction of the 
electric field. The liquid crystal molecules 13 have an 
elongated shape, and show refractive anisotropy be 
tween the long axis and the short axis thereof. Accord 
ingly, it is easily understood that when, for instance, 
polarizers arranged in a cross nicol relationship i.e. with 
their polarizing directions being crossed with respect to 
each other are disposed on the upper and the lower 
surfaces of the glass plates, the liquid crystal cell thus 
arranged functions as a liquid crystal optical modulation 
device of which optical characteristics vary depending 
upon the polarity of an applied voltage. Further, when 
the thickness of the liquid crystal cell is sufficiently thin 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

8 
(e.g. 1 u), the helical structure of the liquid crystal 
molecules is loosened without application of an electric 
field whereby the dipole moment assumes either of the 
two states, i.e. P in an upper direction 24 or Pa in a 
lower direction 24a as shown in FIG. 2. When electric 
field E or Ea higher than a certain threshold level and 
different from each other in polarity as shown in FIG. 
2 is applied to a cell having the above-mentioned char 
acteristics, the dipole moment is directed either in the 
upper direction 24 or in the lower direction 24a depend 
ing on the vector of the electric field E or Ea. In corre 
spondence with this, the liquid crystal molecules are 
oriented in either of a first stable state 23 and a second 
stable state 23a. 
When the above-mentioned ferroelectric liquid crys 

tal is used as an optical modulation element, it is possible 
to obtain two advantages. First is that the response 
speed is quite fast. Second is that the orientation of the 
liquid crystal shows bistability. The second advantage 
will be further explained, e.g. with reference to FIG. 2. 
When the electric field E is applied to the liquid crystal 
molecules, they are oriented in the first stable state 23. 
This state is kept stable even if the electric field is re 
moved. On the other hand, when the electric field Ea of 
which direction is opposite to that of the electric field E 
is applied thereto, the liquid crystal molecules are ori 
ented in the second stable state 23a, whereby the direc 
tions of molecules are changed. Likewise, the latter 
state is kept stable even if the electric field is removed. 
Further, as long as the magnitude of the electric field E 
being applied is not above a certain threshold value, the 
liquid crystal molecules are placed in the respective 
orientation states. In order to effectively realize high 
response speed and bistability, it is preferable that the 
thickness of the cell is as thin as possible and generally 
0.5 L to 20 u, particularly 1 u to 5. A liquid crystal 
electrooptical device having a matrix electrode struc 
ture in which the ferroelectric liquid crystal of this kind 
is used is proposed e.g. in the specification of U.S. Pat. 
No. 4,367,924 by Clark and Lagerwall. 

In a preferred embodiment according to the inven 
tion, there is provided a liquid crystal device compris 
ing a group of scanning electrodes sequentially selected 
based on scanning signals, a group of signal electrodes 
oppositely spaced from the group of scanning elec 
trodes, which signal electrodes are selected based on 
predetermined information signals, and a liquid crystal 
disposed between both groups of electrodes. This liquid 
crystal device can be driven by applying an electric 
signal having phases t1 and t2 of which voltage levels are 
different from each other to a selected scanning elec 
trode of the liquid crystal device and by applying to the 
signal electrodes electric signals of which voltage levels 
are different from each other depending upon whether 
there is a predetermined information or not, there occur. 
an electric field directed in one direction which allows 
the liquid crystal to be oriented in a first stable state at 
a phase of t (t2) in a portion or portions where there is 
or are information signal or signals on the selected scan 
ning electrode line, and an electric field directed in the 
opposite direction which allows the liquid crystal to be 
oriented in a second stable state at a phase of t? (t) in 
portions where any information signal does not exist, 
respectively. An example of the detail of the driving 
method according to this embodiment will be described 
with reference to FIGS. 3 and 4. 

Referring to FIG. 3, there is schematically shown an 
example of a cell 31 having a matrix electrode arrange 
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ment in which a ferroelectric liquid crystal compound is 
interposed between a pair of groups of electrodes oppo 
sitely spaced from each other. Reference numerals 32 
and 33 denote a group of scanning electrodes and a 
group of signal electrodes, respectively. Referring to 
FIGS. 4A(a) and 4A(b), there are respectively shown 
electric signals applied to a selected scanning electrode 
32(s) and electric signals applied to the other scanning 
electrodes (non-selected scanning electrodes) 32(n). On 
the other hand, FIGS. 4A(c) and 4A(d) show electric 
signals applied to the selected signal electrode 33(s) and 
electric signals applied to the non-selected signal elec 
trodes 33(n), respectively. In FIGS. 4A(a) to 4A(d), the 
abscissa and the ordinate represent a time and a voltage, 
respectively. For instance, when displaying a motion 
picture, the group of scanning electrodes 32 are sequen 
tially and periodically selected. If a threshold voltage 
for giving a first stable state of the liquid crystal having 
bistability is referred to as Vh1 and a threshold voltage 
for giving a second stable state thereof as -Vih2, an 
electric signal applied to the selected scanning electrode 
32(s) is an alternating voltage showing V at a phase 
(time) ti and - V at a phase (time) t2, as shown in FIG. 
4A(a). The other scanning electrodes 32(n) are placed in 
earthed condition as shown in FIG. 4A(b). Accord 
ingly, the electric signals appearing thereon show zero 
volt. On the other hand, an electric signal applied to the 
selected signal electrode 33(s) shows V as indicated in 
FIG. 4A(c) while an electric signal applied to the non 
selected signal electrodes 33(n) shows - V as indicated 
in FIG. 4A(d). In this instance, the voltage V is set to a 
desired value which satisfies V (Vth (2 V and 
-V> -Vih2> -2 V. Voltage waveforms applied to 
each picture element when such electric signals are 
given are shown in FIG. 4B. Waveforms shown in 
FIGS. 4B(a), 4B(b), 4B(c) and 4B(a) correspond to 
picture elements A, B, C and D shown in FIG. 3, re 
spectively. Namely, as seen from FIG. 4B(a), a voltage 
of 2 volts above the threshold level Vh1 is applied to the 
picture elements A on the selected scanning line at a 
phase of t. Further, a voltage of -2 volts above the 
threshold level -Vih2 is applied to the picture elements 
B on the same scanning line at a phase of t1. Accord 
ingly, depending upon whether a signal electrode is 
selected or not on a selected scanning electrode line, the 
orientation of liquid crystal molecules changes. 
Namely, when a certain signal electrode is selected, the 
liquid crystal molecules are oriented in the first stable 
state, while when not selected, oriented in the second 
stable state. In either case, the orientation of the liquid 
crystal molecules is not related to the previous states of 
each picture element. 
On the other hand, as indicated by the picture ele 

ments C and D on the non-selected scanning lines, a 
voltage applied to all picture elements C and D is --V 
or-V, each not exceeding the threshold level. Accord 
ingly, the liquid crystal molecules in each of picture 
elements C and D are placed in the orientations corre 
sponding to signal states produced when they have been 
last scanned without change in orientation. Namely, 
when a certain scanning electrode is selected, signals 
corresponding to one line are written. During a time 
interval from a time at which writing of signals corre 
sponding to one frame is completed to a time at which 

5 

O 

15 

20 

25 

30 

35 

50 

55 

a subsequent scanning line is selected, the signal state of 65 
each picture element can be maintained. Accordingly, 
even if the number of scanning lines increases, the duty 
ratio does not substantially change, resulting in no pos 

10 
sibility of lowering in contrast, occurrence of crosstalk, 
etc. In this instance, the magnitude of the voltage V and 
length of the phase (t1--tz)=T usually ranges from 3 
volts to 70 volts and from 0.1 usec. to 2 m.sec., respec 
tively, although they change depending upon the thick 
ness of a liquid crystal material or a cell used. The driv 
ing method according to the present invention essen 
tially differs from the known prior art driving method in 
that the method of the present invention makes it easy 
to allow states of electric signals applied to a selected 
scanning electrode to change from a first stable state 
(defined herein as "bright" state when converted to 
corresponding optical signals) to a second stable state 
(defined as "dark" state when converted to correspond 
ing optical signals), or vice versa. For this reason, a 
signal applied to a selected scanning electrode alternates 
between +V and -V. Further, voltages applied to 
signal electrodes are designed to have reverse polarities 
to each other in order to designate bright or dark states. 
It is obvious that in order to effectively operate the 
driving method according to the present invention, 
electric signals applied to scanning electrodes or signal 
electrodes are not necessarily simple rectangular wave. 
signals as explained with reference to FIGS. 4A(a) to 
4A(d). For instance, it is possible to drive a liquid crys 
tal using a sine wave, a triangular wave, etc. 
Turning to FIG. 5, there is shown another embodi 

ment of a driving method according to the present in 
vention. FIGS. 5(a), 5(b), 5(c) and 5(d) show a signal 
applied to a selected scanning electrode, a signal applied 
to non-selected scanning electrodes, a selected informa 
tion signal (with information), and a non-selected infor 
mation signal (without information), respectively. Thus, 
as shown in FIG. 5, even if a voltage of +V is applied 
to a signal electrode with information only during a 
phase (time) of tz, and a voltage of -V is applied to a 
signal electrode without information only during a 
phase (time) of t1, the driving mode shown in FIG. 5 
becomes substantially the same as that shown in FIG. 4. 

Referring to FIG. 6, there is shown an example given 
by further modifying the example shown in FIG. 5. 
FIGS. 6(a), 6(b), 6(c) and 6(d) show a signal applied to 
a selected scanning electrode, a signal applied to non 
selected scanning electrodes, a selected information 
signal (with information), and a non-selected informa 
tion signal (without information), respectively. In this 
instance, in order that a liquid crystal device is properly 
driven based on the present invention, it is required that 
in driving method shown in FIG. 6 the following rela 
tionship is satisfied. 

Voi-V0-V 
Voi-Vo-2VC-VCo-o <WCVoi-V-27 

Vol - Vo-V 

The present invention can also be embodied into a 
mode of liquid crystal device driving method described 
as follows. In a method of driving a liquid crystal device 
having a matrix electrode arrangement comprising a 
group of scanning electrodes, a group of signal elec 
trodes oppositely spaced from each other, and a liquid 
crystal showing bistability with respect to an electric 
field interposed between the group of scanning elec 
trodes and the group of signal electrodes, the mode of 
driving method is characterized by applying an electric 
signal having a first phase during which a voltage al 
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lowing a liquid crystal having bistability to be oriented 
to a first stable state is applied between a scanning elec 
trode selected from the group of scanning electrodes 
and the group of signal electrodes and a second phase 
during which a voltage allowing the liquid crystal ori 
ented to the first stable state to be oriented to a second 
stable state is applied between the selected scanning 
electrode and a signal electrode selected from the group 
of signal electrodes. 

In a preferred embodiment of this driving mode, it is 
possible to drive a liquid crystal device by giving an 
electric signal to a selected scanning electrode of the 
liquid crystal device comprising a group of scanning 
electrodes sequentially and periodically selected on the 
basis of scanning signals, a group of signal electrodes 
oppositely spaced from the group of scanning electrode 
and selected on the basis of a predetermined informa 
tion signal, and a liquid crystal interposed therebetween 
and showing bistability with respect to an electric field, 
wherein the electric signal has a first phase t1 during 
which a voltage for producing one direction of electric 
field is applied, to allow the liquid crystal to be oriented 
to a first stable state independent of the state of electric 
signals applied to signal electrodes, and a second phase 
t2 during which a voltage for assisting the liquid crystal 
to be reoriented to a second stable state in response to 
electric signals applied to the signal electrodes is ap 
plied. 

In FIG.7A(a) to 7A(d), the abscissa and the ordinate 
represent a time and a voltage, respectively. For in 
stance, when a motion picture is displayed, a desired 
scanning electrode from the group of scanning elec 
trodes 32 is sequentially and periodically selected. If a 
threshold voltage above which a first stable state of the 
liquid crystal cell having bistability is realized is de 
noted by Vh1 and a threshold voltage above which a 
second stable state thereof is realized is denoted by 
-Vth2, an electric signal applied to the selected scan 
ning electrode 32(s) is an alternating voltage which is 2 
V at a phase (time) t and - V at a phase (time) of t2 as 
shown in FIG. 7A(a). The other scanning electrodes 
32(n) are placed in earthed condition as shown in FIG. 
7A(b), thus given an electric signal of zero volt. On the 
other hand, an electric signal applied to each of selected 
signal electrodes 33(s) is zero at a phase t1, and V at a 
phase t2 as shown in FIG. 7A(c). An electric signal 
applied to each of non-selected signal electrodes 33(n) is 
zero as shown in FIG. 7A(d). In this instance, the volt 
age V is set to a desired value so as to satisfy V.<V- 
hi <2 V and - V -V2> -2 V. FIG. 7B show volt 
age waveforms applied to respective picture elements 
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when an electric signal satisfying the above-mentioned 
relationships is given. The waveforms shown in FIGS. 
7B(a), 7B(b), 7B(c) and 7B(a) correspond to the picture 
elements A, B, C and D shown in FIG. 3, respectively. 
Namely, as seen from FIG. 7B, since a voltage of -2 V 
above the threshold voltage -Vth2 at a phase of t1 is 
applied to all picture elements on a selected scanning 
line, the liquid crystal molecules are first oriented to one 
optically stable state (second stable state). Since a volt 
age of 2V above the threshold voltage Vh1 is applied to 
the picture elements A corresponding to the presence of 
an information signal at a second phase of t, the picture 
elements A are switched to the other optically stable 
state (first stable state). Further, since a voltage of V 
which is not above the threshold voltage Vh1 is applied 
to the picture elements B corresponding to the absence 
of an information signal at the second phase of t2, the 
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12 
picture elements B are kept in the one optically stable 
State. 

On the other hand, on non-selected scanning lines as 
shown by the picture elements C and D, a voltage ap 
plied to all picture elements C and D is --V or zero 
volt, neither being above the threshold voltage. Ac 
cordingly, the liquid crystal molecules in each of pic 
ture elements C and D still retain the orientation corre 
sponding to a signal state produced when they have 
been last scanned. Namely, when a certain scanning 
electrode is selected, the liquid crystal molecules are 
first oriented to one optically stable state at a first phase 
of t1, and then signals corresponding to one line is writ 
ten thereinto at a second phase of t. Thus, the signal 
states can be maintained from a time at which writing of 
one frame is completed to a time at which a subsequent 
line is selected. Accordingly, even if the number of 
scanning electrodes increases, the duty ratio does not 
substantially change, resulting in no possibility of low 
ering in contrast, occurrence of crosstalk, etc. 

In this instance, the magnitude of the voltage V and 
the time width of the phase (t1--tz)=Tusually ranges 
from 3 volts to 70 volts and from 0.1 usec. to 2 msec, 
respectively, although they depend to some extent upon 
the thickness of a liquid crystal material and a cell used. 

In order that the driving method according to the 
present invention is effectively operated, it is obvious 
that electric signals applied to scanning electrodes or 
signal electrodes are not necessarily simple rectangular 
wave signals as explained with reference to FIGS. 
7A(a) to 7A(d). For instance, it is possible to drive the 
liquid crystal using a sine wave, triangular wave, etc. 
FIG. 8 show another modified embodiment. The 

embodiment shown in FIG. 8 differs from the one 
shown in FIG. 7 in that the voltage at a phase of t in 
respect of the scanning signal 32(s) shown in FIG. 7A(a) 
is reduced to one half, i.e. V, and in that a voltage of 
-V is applied to all information signals at a phase of t. 
The advantages given by the method employed in this 
embodiment are that the maximum voltage of signals 
applied to each electrode can be reduced to one half of 
that in the embodiment shown in FIG. 7. 

In this instance, FIG. 8A(a) shows a waveform of a 
voltage applied to the selected scanning electrode 32(s). 
On the other hand, the non-selected scanning electrodes 
32(n) are placed in earthed condition, as shown in FIG. 
8A(b), thus given an electric signal of zero volt. FIG. 
8A(c) shows a waveform of a voltage applied to the 
selected signal electrode 33(s). FIG. 8A(d) shows a 
waveform of a voltage applied to the non-selected sig 
nal electrodes 33(n). FIG. 8B show waveforms of volt 
ages respectively applied to the picture elements A, B, 
C and D. Namely, the waveforms shown in FIGS. 
8B(a), 8B(b), 8B(c) and 8B(a) correspond to the picture 
elements shown in FIG. 3, respectively. 
The above explanation of the present invention, has 

been made on the assumption that a liquid crystal con 
pound layer corresponding to one picture element is 
uniform, and is oriented to either of two stable states 
with respect to overall area of one picture element. 
However, actually the orientation of ferroelectric liquid 
crystal is quite delicately influenced by interaction be 
tween the surfaces of base plates and the liquid crystal 
molecules. Accordingly, when the difference between 
an applied voltage and the threshold voltage Vahl or 
-Vih2 is small, it is possible that stably oriented states in 
mutually opposite directions are produced in mixture 
within one picture element due to localized variation of 
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the surface of the base plates. By making use of this 
phenomenon, it is possible to add a signal for rendering 
gradation at a second phase of information signal. For 
instance, it is possible to obtain a gradation image by 
employing the same scanning signals as those in the 
driving mode previously stated with reference to FIG. 
7 and by changing the number of pulses at a phase oft 
of the information signal applied to signal electrodes, 
according to gradation as shown in FIGS. 9(a) to 9(d). 

Further, it is possible to utilize not only variation in 
the surface condition on a base plate, which is naturally 
produced during the processing of the base plate, but 
also surface state on the base plate having a mi 
cromosaic pattern which can be artificially produced. 
According to another mode of the method of the 

present invention, in a method of driving an optical 
modulation device having a matrix electrode array 
comprising a group of scanning electrodes, a group of 
signal electrodes oppositely spaced from the group of 
scanning electrodes, and an optical modulation material 
showing bistability with respect to an electric field in 
terposed between the group of scanning electrodes and 
the group of signal electrodes, a voltage Vow allowing 
the optical modulation material having bistability to be 
oriented to a first stable state is applied between a scan 
ning electrode selected from the group of the scanning 
electrodes and a signal electrode selected from the 
group of the signal electrodes, a voltage VoN2 allowing 
the optical modulation material having bistability be 
oriented to a second stable state is applied between the 
selected scanning electrode and signal electrodes which 
are not selected from the group of the signal electrodes, 
and a voltage VOFF having a magnitude set between a 
threshold voltage -Vih2 (referring to the second stable 
state) and a threshold voltage Vh1 (referring to the first 
stable state) of the optical modulation device having 
bistability between non-selected scanning electrodes 
and the group of signal electrodes, wherein the follow 
ing relationships are satisfied in regard to voltages 
VON, VON2 and Vof F, 

2WoFFKVON, VON2 

A preferred embodiment of this driving mode is suit 
able for driving a liquid crystal device comprising a 
group of scanning electrodes sequentially selected 
based on scanning signals, a group of signal electrodes 
oppositely spaced from the group of scanning elec 
trodes and selected based on a predetermined informa 
tion signal, and a liquid crystal showing bistability with 
respect to an electric field applied thereto, interposed 
between the group of the scanning electrodes and the 
group of the signal electrodes. This mode is featured by 
applying a varying electric signal V1(t) having phase t1 
and t2, of voltages with mutually different polarities (the 
maximum value is denoted by V1(t)max. and the mini 
mum value by V1(t)min. during the phases) to a selected 
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scanning electrodes, and by applying electric signals V2 . 
and V2a having voltages different from each other to 
signal electrodes, depending upon whether predeter 
mined information is to be given or not. Thus, an elec 
tric field V2-V1(t) directed in one direction allowing 
the liquid crystal to assume a first stable state at a phase 
of t1 (or t2) in portions on the selected scanning elec 
trode line whereinformation signals are given and an 
electric field V2a-V(t) directed in the opposite direc 
tion allowing the liquid crystal to assume a second sta 
ble state at a phase of t (or t) in portions on the se 
lected scanning electrode line where information sig 
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nals are not given wherein the following relationships 
are satisfied. 

According to this preferred embodiment, it is possible 
to drive the liquid crystal device in a particularly stable 
manner. The detail of the embodiment will be described 
with reference to the drawings. 
FIGS. 10A(a) and 10A(b) show an electric signal 

applied to the selected scanning electrode 32(s) and that 
applied to the other scanning electrodes (non-selected 
scanning electrodes) 32(n) shown in FIG. 3, respec 
tively. Likewise, FIGS. 10A(c) and 10A(d) show elec 
tric signals applied to the selected signal electrodes 33(s) 
and the non-selected signal electrodes 33(n), respec 
tively. In FIGS. 10A(a) to 10A(d), the abscissa and the 
ordinate represent a time and a voltage, respectively. 
For instance, when a motion picture is displayed, a 
scanning electrode is sequentially and periodically se 
lected from the group of scanning electrodes. If a 
threshold voltage for allowing a liquid crystal having 
bistability to assume a first stable state is referred to as 
Vh1 and a threshold voltage for allowing the liquid 
crystal to assume a second stable state as -V2, an 
electric signal applied to the selected scanning electrode 
32(s) is an alternating voltage showing V1 and -V1 at 
phase (times) oft and t2, respectively, as shown in FIG. 
10A(a). Application of an electric signal having a plu 
rality of phase intervals of which voltages are different 
from each other to the selected scanning electrode re 
sults in a very important advantage that the transition 
between first and second stable states respectively cor 
responding to an optically "bright' condition and an 
optically "dark' condition can be caused at a high 
speed. 
On the other hand, the other scanning electrodes 

32(n) are placed in earthed condition as shown in FIGS. 
10A(b), thus zero volt. An electric signal V2 is applied 
to the selected signal electrodes 33(s) as shown in FIG. 
10A(c), while an electric signal -V2 is applied to the 
non-selected signal electrodes 33(n) as shown in FIG. 
10A(d). In this instance, the respective voltages are set 
to a desired value so as to satisfy the following relation 
ships; 

Voltage waveforms applied to picture elements, i.e. 
the picture elements A, B, C and D shown in FIG.3 are 
shown in FIGS. 10B(a) to 10B(a), respectively. As seen 
from FIGS. 10B(a) to 10B(a), a voltage of V1+V2 
above the threshold voltage is applied to the picture 
element A on a selected scanning line at a phase oft. A 
voltage of -(V1--V2) above the threshold voltage 
-Vih2 is applied to the picture element B on the same 
scanning line at a phase of t. Accordingly, on the se 
lected scanning electrode line, the liquid crystal mole 
cules can be oriented to different stable states depending 
upon whether a signal electrode is selected or not. 
Namely, when the signal electrode is selected, the liquid 
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crystal molecules are oriented to a first stable state. On 
the other hand, when not selected, they are oriented to 
a second stable state. In either case, the orientation is 
not related to the previous states of each picture ele 
ment. 
On the other hand, voltages applied to the picture 

elements C and D are shown in FIGS. 10B(c) and 
10B(a), respectively. Voltages applied to all picture 
elements C and D are V2 or -V2 on the non-selected 
scanning lines, each being not above the threshold volt 
age. Accordingly, the liquid crystal molecules in each 
of the picture elements C and D maintains an orienta 
tion corresponding to signal state produced when the 
elements are lastly scanned. Thus, when a scanning 
electrode is selected, and signals corresponding to one 
line are written thereinto, and, the signal state thus 
obtained can be maintained during a time interval from 
a time at which the writing of the one frame is com 
pleted to a time at which the scanning electrode is se 
lected. Accordingly, even if the number of scanning 
electrodes increases, the duty ratio does not substan 
tially change, resulting in no possibility of lowering in 
contrast. In this instance, the magnitude of V1 and V2 
and the time width of the phase (t1--tz)=T usually 
range from 3 volts to 70 volts and from 0.1 usec. to 2 
msec., respectively, although they somewhat depend 
upon the thickness of a liquid crystal material and a cell 
used. The important character of this mode is that a 
voltage signal alternating, e.g. from --V1 to -V1 is 
applied to a selected scanning electrode in order to 
make it easy for an electric signal applied to a selected 
scanning electrode to change from a first stable state 
(assumed as "bright' state when the electric signal is 
converted to an optical signal) to a second stable state 
(assumed as "dark' state when converted to an optical 
signal) or vice versa. Further, voltages applied to signal 
electrodes are made different from each other for the 
purpose of designating "bright” or "dark" state. 

In the above-mentioned description, the bistability of 
the behavior of a ferroelectric liquid crystal and the 
driving method therefor have been explained based on 
somewhat ideal states. For instance, although a liquid 
crystal having bistability is used, actually it cannot re 
main in one stable state for an infinitely long time under 
no application of an electric field. Explaining in more 
detail, when a layer of a ferroelectric liquid crystal 
DOBAMBC having a thickness larger than about 3 um 
is used, at first there partially remains a helical structure 
in the SmC*-phase. When an electric field directed in 
one direction (e.g. +30 V/3 um) is applied thereto in 
the direction of the layer thickness, the helical structure 
is completely loosened. Thus, the liquid crystal mole 
cules are converted into a state of being uniformly ori 
ented along the surface thereof. Then, if the liquid crys 
tal molecules are returned to a state where there is no 
application of electric field, they gradually and partially 
return to the helical structure. 
Accordingly, when transmitted lights are observed 

with the liquid crystal cell being interposed between a 
pair of upper and lower polarizers disposed in a cross 
nicol relationship, i.e. their polarizing surfaces being 
substantially perpendicular to or crossing each other, it 
is seen that contrast of the display gradually lowers. 
The speed at which the stable state oriented in one 
direction is relaxed strongly depends upon surface states 
(e.g. surface material, surface processing, etc.) of a pair 
of base plates between which a liquid crystal material is 
interposed. In the above-mentioned embodiments, it has 
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been described that threshold voltages Vh1 and Vih2 
required for allowing the liquid crystal molecules to be 
switched to one stable state are determined at constant 
values. However, in fact, these threshold voltages 
strongly depend upon factors, e.g. surface state of a base 
plate, etc., resulting in large variations with respect to 
each cell. Further, the threshold voltage also depends 
upon a voltage application time. For this reason, when 
the voltage applied time is long, there is a tendency that 
the threshold voltage lowers. Accordingly, there oc 
curs a switching between two stable states of the liquid 
crystal even on a non-selected line or lines when signals 
show a certain form, resulting in possibility that there 
occurs a crosstalk. 
Based on the above-mentioned analysis and consider 

ation, when an optical modulation device is intended to 
be stably prepared and driven, it is preferable to set the 
voltages VoN1 and VoN2 for causing liquid crystal mol 
ecules to be oriented on a selected point or points to a 
first and a second stable states, respectively, and the 
voltage VoFF applied to non-selected points so that the 
differences between their magnitudes and the average 
threshold voltages Vth and Vrh2 are as large as possible. 
When fluctuations in characteristics between devices 
and those in a size device are taken into account, it is 
confirmed preferable in view of stability that Vowl 
and Von2 are twice as large as VoFF or larger. In 
order to realize such conditions for applying voltages 
with the driving method explained with reference to 
FIG.10 showing the embodiment allowing quick transi 
tion between two stable states, it is preferable to set a 
voltage V1-V2 at a phase of t? (FIG. 10B(a)) applied to 
picture elements corresponding to the absence of infor 
mation by a selected scanning electrode and a non 
selected signal electrode to be sufficiently remote from 
VoN1, particularly less than 1/1.2 of VON1. Accord 
ingly, following the example shown in FIG. 10, the 
condition therefor is as follows. 

Further, referring to this condition in a generalized 
manner, it is not required that a voltage applied to each 
picture element and an electric signal applied to each 
electrode is symmetrical or has a step-like or rectangu 
lar shape. In order to generally express the above-men 
tioned condition so as to include such cases, it is as 
sumed that the maximum value of an electric signal 
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(voltage with respect to earth potential) applied to scan 
ning electrodes within the phase of t--t2 is V1(t)max, 
the minimum value thereof is V1(t)min, an electric 
signal (relative voltage with respect to earth potential) 
corresponding to a state with information, applied to a 
selected signal electrode is V2, and an electric signal 
(relative voltage) corresponding to a state with no in 
formation, applied to non-selected signal electrodes is 
V2. It is preferable to satisfy the following conditions 
for the purpose of driving the liquid crystal in a stable 
name. 
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In FIG. 11 the abscissa represents a ratio k of an 
electric signal V applied to scanning electrodes to an 
electric signal EV2 applied to signal electrodes varies 
on the basis of the embodiment explained with reference 
to FIG. 10. More particularly, the graph of FIG. 11 
shows the variation of the ratio of a maximum voltage 
V1+V2 applied to a selected point (between a se 

lected signal electrode and selected or non-selected 
scanning electrode), a voltage V2 applied to a non 
selected point (between a non-selected signal electrode 
and a selected or non-selected scanning electrode), and 
a voltage V2-V1 applied at a phase of t1 shown in 
FIG. 10B(a) (or at a phase of t? shown in FIG. 10B(b)) 
(each is expressed by an absolute value). As understood 
from this graph, it is preferable that the ratio 
K= V1/V2 is larger than 1, particularly lines between 
a range expressed by an inequality 1 <k.<10. 

In order to effectively perform this mode of the driv 
ing method according to the present invention, it is 
obvious that it is not necessarily required that an elec 
tric signal applied to scanning electrodes and signal 
electrodes is a simple rectangular wave. For instance, as 
long as an effective time interval is given, it is possible 
to drive the liquid crystal device using a sine wave or a 
triangular wave. 
According to a mode of the driving method of the 

present invention, it possible to rewrite a part of an 
image area in which an image has been previously writ 
ten, with a different image. More particularly, in a 
method of driving an optical modulation device (e.g. a 
liquid crystal device) having an electrode arrangement 
comprising a group of scanning electrodes, a group of 
signal electrodes for providing desired information sig 
mals, and an optical modulation material (e.g. a liquid 
crystal) showing bistable property with respect to an 
electric field between the groups of scanning and signal 
electrodes, this mode of invention is characterized by 
applying a voltage allowing the optical modulation 
material having the bistability to be oriented to a first 
stable state (one optically stable state) between a scan 
ning electrode selected from the group of scanning 
electrodes and a signal electrode or electrodes selected 
from signal electrodes to which new image information 
is given among the group of signal electrodes, applying 
a voltage allowing the optical modulation material hav 
ing the bistability to be oriented to a second stable state 
(the other optically stable state) between the selected 
scanning electrode and a signal electrode which is not 
selected from signal electrodes to which new image 
information is given among the group of signal elec 
trodes, and applying a voltage set to a value between a 
threshold voltage -Vth2 (for the second stable state) 
and a threshold voltage Vh1 (for the first stable state) of 
the optical modulation material having the bistability 
between scanning electrodes which are not selected 
from the group of scanning electrodes and the group of 
the signal electrodes and between all the signal elec 
trodes and signal electrodes to which new image infor 
mation is not given. 

In a preferred embodiment of this mode, there is 
provided a liquid crystal device at least comprising a 
group of scanning electrodes sequentially selected 
based on scanning signals, a group of signal electrodes 
oppositely spaced from the group of scanning elec 
trodes and selected based on desired information sig 
nals, and a liquid crystal interposed between both elec 
trode groups and showing bistability with respect to an 
electric field, and an electric signal having phases t1 and 
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t2, voltages corresponding thereto being different from 
each other, is applied to a selected scanning electrode, 
and electric signals of different voltages depending 
upon whether there is a predetermined information or 
not, or whether the information lastly scanned is main 
tained without change or not. Thus, it is possible to 
drive the liquid crystal device by applying an electric 
field directed in one direction which provides a first 
stable state at a phase of t (t2) to an area in which there 
is an information signal on the selected scanning elec 
trode line, by applying an electric field directed in the 
opposite direction which provides a second stable state 
at a phase oft2 (ti) to an area in which there is not an 
information signal and by applying an electric field less 
than an electric field threshold level and switching the 
liquid crystal molecules from one stable state to the 
other at phase t1 and t2 to an area in which the informa 
tion lastly scanned should be maintained. 
A preferred embodiment of this driving mode will be 

described with reference to FIGS. 12A to 12D. FIGS. 
12A(a) and 12A(b) show electric signals applied to the 
selected scanning electrode 32(s) and those applied to 
the other scanning electrodes (non-selected scanning 
electrodes), respectively. FIGS. 12A(c) and 3A(d) show 
electric signals applied to the selected signal electrodes 
33(s) and those applied to the non-selected signal elec 
trodes 33(n), respectively. In FIGS. 12A(a) to 12A(d), 
the abscissa and the ordinate represent a time and a 
voltage, respectively. For instance, when a motion pic 
ture is displayed, a scanning electrode is sequentially 
and periodically selected from the group of scanning 
electrodes. If a threshold voltage for providing a first 
stable state is Vh1 of a liquid crystal cell showing bista 
bility, and a threshold voltage for providing a second 
stable state thereof is -Vth2, an electric signal applied 
to the selected scanning electrode 32(s) is an alternating 
voltage which becomes V at a phase (time) of t1 and 
-V at a phase (time) oft, as indicated by FIG. 12A(a). 
When an electric signal having a plurality of phases of 
different voltages is applied to the selected scanning 
electrode, an important advantage is attained that two 
stable states of the liquid crystal for determining display 
conditions of the device can be easily switched at a high 
speed. 
On the other hand, the other scanning electrodes 

32(n) are placed in the earthed condition as shown in 
FIG. 12A(b), thus at zero volt. An electric signal ap 
plied to the selected signal electrodes 33(s) is V as 
shown in FIG. 12A(c), and an electric signal applied to 
the non-selected signal electrodes 33(n) is -V as shown 
in FIG. 12A(d). In this instance, the voltage V is set to 
a desired value satisfying the relationships expressed by 
VCVC2 V and -V-V2> -2 V. Voltage 
waveforms applied to respective picture element, i.e. 
the picture elements A, B, C and D shown in FIG. 3 
when such electric signals are given, are shown in 
FIGS. 12B(a), 12B(b), 12B(c) and 12B(a), respectively. 
As seen from FIGS. 12B(a) to 12B(a), a voltage of 2V 
higher than the threshold voltage Vh1 is applied to the 
picture element A on the selected scanning line at a 
phase of t, while a voltage of -2 V higher than the 
threshold level -Vih2 is applied to the picture element 
B on the same scanning line at a phase of t1. Accord 
ingly, the orientation of the liquid crystal is determined 
depending upon whether the signal electrode is selected 
or not on the selected scanning electrode line. Namely, 
when selected, the liquid crystal molecules are oriented 
to the first stable state. When not selected, they are 
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oriented to the second stable state. In either case, the 
orientation is not related to the previous states of each 
picture element. 
On the other hand, a voltage applied to the picture 

elements C and D is --V or -V on the non-selected 
scanning lines. Accordingly, the liquid crystal mole 
cules in respective picture elements C and D are still 
placed in the orientation corresponding to signal states 
produced when last scanned. Namely, when a scanning 
electrode is selected, signals corresponding to one line 
are written and the signal states can be maintained dur 
ing a time interval from a time at which the writing of 
the one frame is completed to a time at which the scan 
ning electrode is selected. Accordingly, even if the 
number of scanning electrodes increases, the duty-ratio 
does not substantially change, resulting in no possibility 
of lowering in contrast nor occurrence of crosstalk. In 
this instance, the magnitude of the voltage V and a time 
width of the phase of (t1--tz)=T usually range from 3 
volts to 70 volts and from 0.1 usec. to 2 msec., although 
they somewhat depend upon the thickness of a liquid 
crystal material or a cell used. This driving mode ac 
cording to the present invention essentially differs from 
the prior art method in that it makes easy to cause the 
transition from a first stable state (assumed as "bright' 
state when the electric signal is changed to an optical 
signal) to a second stable state (assumed as "dark' con 
dition when changed to an optical signal), or vice versa. 
For this purpose, an electric signal applied to the se 
lected scanning electrode alternates from +V to -V. 
Further, voltages applied to the signal electrodes are 
different from each other in order to designate "bright' 
or "dark” state. An example of image when the scan 
ning of one line is thus finished is shown in FIG. 12C. In 
the figure a dashed section Prepresents a "bright' state 
and brank section Q a "dark' state). Then, for instance, 
a example when an image is partially rewritten is shown 
in FIG. 12D(a). As shown in the figure, when an at 
tempt is made to rewrite only the area defined by the 
group of scanning electrodes Xa and the group of signal 
electrodes Ya, scanning signals are sequentially applied 
only to the area Xa. Further an information signal 
which changes depending upon whether there is an 
information or not is applied to the area. Ya. A signal (in 
this instance, 0 volt) as shown in FIG. 12D(b) is applied 
to the group of scanning electrodes giving an area 
where information written when lastly scanned is main 
tained (i.e. new information is not given). Accordingly, 
when the group of scanning electrodes Xa are scanned, 
a voltage applied to respective picture elements at sig 
nal electrodes Y changes as shown in FIG. 12D(c), 
while when not scanned, the voltage becomes as shown 
in FIG. 12D(d). In either case, the voltage is not above 
the threshold voltage. As a result, the image obtained 
when last scanned is reserved as it is. 

In order to effectively perform the driving mode 
according to the present invention, it is obvious that it is 
not necessarily required that an electric signal supplied 
to scanning electrodes and signal electrodes is a simple 
rectangular wave signal as explained with reference to 
FIGS. 12A(a) to 12A(d) and FIGS. 12D(b) to 12D(d). 
For instance, as long as an effective time period is given, 
it is possible to drive the liquid crystal using a sine wave 
or a rectangular wave. 

Referring to FIG. 13, there is shown another embodi 
ment of the driving mode according to the present in 
vention. More particularly, a signal on a selected scan 
ning electrode is shown in FIG. 13(a), a signal on a 
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non-selected scanning electrode is shown in FIG. 13(b), 
a selected information signal (corresponding to the 
presence of information) is shown in FIG. 13(c), a non 
selected (corresponding to the absence of information) 
is shown in FIG. 13(d), and an information signal which 
maintains a signal when last scanned is shown in FIG. 
13(e). 
The value of Va shown in FIG. 13(e) is set so as to 

satisfy the following relationship. 

Va-VCVnh, V2 

Val (Vh1, Whiz 

Referring to FIG. 14, there is shown a further em 
bodiment of the invention. Similar to FIG. 13, a signal 
on a selected scanning electrode is shown in FIG. 14(a), 
a signal on non-selected scanning electrodes is shown in 
FIG. 14(b), a selected information signal corresponding 
to presence of information) is shown in FIG. 14(c), a 
non-selected information signal (corresponding to the 
absence of information) is shown in FIG. 14(d), and an 
information signal for maintaining a signal obtained 
when last scanned is shown in FIG. 14(e). In order that 
the liquid crystal device is properly driven in accor 
dance with the present invention, following relation 
ships are required to be satisfied in the driving mode as 
shown in FIG. 14: 

W02 - (Wor-- V) Wahl 
Vo2 - (Po - W) <(E 
Vo2 - Vo 2 

(Vol - V0 - 2) < - V2 

(Vol - Vo - W) 
< (Vol - Vo) 

(Vol - Vo -- W) 

< Vh1 C (Vol - Wo - 2W) 

Another driving mode according to the invention can 
be used to drive an optical modulation device compris 
ing a matrix electrode arrangement comprising a group 
of scanning electrodes and a group of signal electrodes 
oppositely spaced from the group of scanning elec 
trodes wherein scanning signals are selectively applied 
sequentially and periodically to the group of scanning 
electrodes, and an information signal is applied to the 
group of signal electrodes in synchronism with the 
scanning signals, thereby to effect optical modulation of 
an optical modulation material showing bistability with 
respect to an electric field between the group of scan 
ning electrodes and the group of signal electrodes. In 
this mode of driving method, after an information signal 
is applied to the group of the signal electrodes in syn 
chronism with a scanning signal applied to a scanning 
electrode selected from the group of scanning elec 
trodes, and before a subsequent information signal is 
selectively applied to the group of signal electrodes in 
synchronism with scanning signals applied to the scan 
ning electrodes subsequently selected, there is provided 
an auxiliary signal applying period for applying a signal 
different from the information signal selectively applied 
to the group of signal electrodes. 
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The detailed embodiment of this driving method will 
be explained with reference to FIGS. 15 to 17. 
FIG. 15 shows a schematic view illustrating a cell 151 

having a matrix electrode arrangement between which 
a ferroelectric liquid crystal compound (not shown) is 
interposed. In the figure, reference numerals 152 and 
153 denote a group of scanning electrodes and a group 
of signal electrodes, respectively. First, the case that a 
scanning electrode S1 is selected will be described. FIG. 
16(a) shows a scanning electric signal applied to a se 
lected scanning electrode S1, and FIG. 16(b) shows 
scanning electric signals applied to the other scanning 
electrodes (non-selected scanning electrodes) S2, S3, S4 
.., etc. FIGS. 16(c) and 16(d) show electric signals of 

information applied to selected signal electrodes I, I3 
and Is and those applied to the non-selected signal elec 
trodes I2 and I4, respectively. In FIGS. 16 and 17, the 
abscissa and the ordinate represent a time and a voltage, 
respectively. For instance, when a motion picture is 
displayed, a scanning electrode is sequentially and peri 
odically selected from the group of scanning electrodes 
152. If a threshold voltage for providing a first stable 
state of a liquid crystal cell having bistability with re 
spect to predetermined applying times t1 and t2 is 
-Vth and that for providing a second stable state 
thereof is --Vth2, a scanning signal supplied to a se 
lected scanning electrode 152(S1) is an alternating volt 
age showing 2 V at a phase (time) t1 and -2 V at a 
phase (time) tas shown in FIG.16(a). When an electric 
signal having a plurality of phase periods of which 
voltage levels are different from each other is applied to 
the scanning electrode thus selected, a significant ad 
vantage is obtained that it is possible to cause state tran 
sition at a high speed between the first and second stable 
states corresponding to optically "dark” and “bright' 
states, respectively. 
On the other hand, scanning electrodes S2 to Ss are 

placed in earthed condition, as shown in FIG.16(b), and 
the potentials of their electric signals are made zero. 
Further, electric signals supplied to the selected signal 
electrodes I, I3 and Is are V as shown in FIG.16(c), and 
electric signals supplied to the non-selected signal elec 
trodes I2 and I4 are -V, as shown in FIG.16(d). In this 
example, the respective voltages are set to a desired 
value satisfying the following relationships: 

Voltage waveforms applied to, e.g. the picture ele 
ments A and B among the picture elements when such 
electric signals are given, are shown in FIGS. 17(a) and 
17(b). Namely, as seen from these figures, a voltage of 3 
V above the threshold voltage Vih2 applied to the pic 
ture element A on the selected scanning line at phase t2. 
Likewise, a voltage of -3 V above the threshold volt 
age -Vth is applied to the picture element B on the 
same scanning line at phase t1. Accordingly, the orienta 
tion of the liquid crystal molecules is determined de 
pending upon whether a signal electrode is selected or 
not on a selected scanning line. Namely, when selected, 
the liquid crystal molecules are oriented to the first 
stable state, and when not selected, to the second stable 
State. 
On the other hand, voltages applied to all picture 

elements are V or -V on non-selected scanning lines as 
shown in FIGS. 17(a) and 17(b), each being not above 
the threshold voltage. Accordingly, liquid crystal mole 
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cules in the picture elements on scanning lines except 
for selected ones maintain the orientation correspond 
ing to the signal state obtained when last scanned. 
Namely, when a scanning electrode is selected, signals 
on the selected one line are written and the signal state 
can be maintained until the scanning electrode is next 
selected after the writing of one frame is completed. 
Accordingly, even if the number of scanning electrodes 
increases, the duty ratio substantially does not change, 
nor result in lowering of the contrast. 
Then, problems which may actually occur when the 

liquid crystal device is driven as a display unit will be 
considered. In FIG. 15, it is assumed that the picture 
elements on dashed sections correspond to “bright" 
state while those on black sections correspond to 
"dark” state among picture elements formed at inter 
secting points of scanning electrodes S1 to Ss. . . and 
signal electrodes I1 to Is... Now, if an attention is made 
to the representation on the signal electrode I1 in FIG. 
15, the picture element A correspondingly formed on 
the scanning electrode S1 is placed in “bright' state 
while the other picture elements correspondingly 
formed on the signal electrode I1 are all placed in 
"bright' state. FIG. 180) shows an embodiment of a 
driving method in this case where a scanning signal and 
an information signal supplied to the signal electrode I, 
and a voltage applied to the picture element A are indi 
cated along the progress of time. 

If the liquid crystal device is driven, e.g. as shown in 
FIG. 180), when the scanning signal S1 is scanned, a 
voltage of 3 V above the threshold voltage V2 is ap 
plied to the picture element A at a time of t2. For this 
reason, independent of the previous states, the picture 
element A is switched to a stable state oriented in one 
direction, i.e. "bright' state. Thereafter, while the scan 
ning signals S2 to Ss. . . are scanned, a voltage of -V 
is continuously applied as shown in FIG. 18(a). In this 
instance, because the voltage of - V does not exceed 
the threshold voltage -Vahl, the picture element A can 
maintain "bright' state. However, when a predeter 
mined information is displayed in such a manner that 
one direction of signal (corresponding to "dark” state in 
this case) is continuously supplied to one signal elec 
trode as stated above, the number of scanning lines 
extremely increases, and high speed driving of the liq 
uid crystal device is required, there occur some prob 
lems. This is explained by referring to the experimental 
data. 
FIG. 19 is a graph plotting an applied time depen 

dency of a threshold voltage required for switching 
when DOBAMBC (designated by reference numeral 
192 in FIG. 19) and HOBACPC (designated by refer 
ence numeral 191 in FIG. 19) were used as ferroelectric 
liquid crystal materials. In this example, the thickness of 
the liquid crystal was 1.6, and the temperature was 
maintained at 70' C. In this experiment, as base plates 
between which a liquid crystal was hermetically inter 
posed, e.g. glass plates on which ITO was vapor-depos 
ited were used, and the threshold voltages Vahl and 
Vih2 were nearly equal to each other, i.e. Vlast V2 
(V). 
As seen from FIG. 19, it is understood that the 

threshold voltage Vth has a dependency on the applica 
tion time and becomes steeper as the application time 
becomes shorter. As will be understood from the above 
mentioned consideration, some problems occur when a 
driving method as practised in FIG. 180) is employed, 
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and when this driving method is applied to a device 
which has an extremely large number of scanning lines 
and is required to be driven at a high speed. Namely, for 
instance, even if the picture element A is switched to 
"bright" state at a time when the scanning electrode S1 
is scanned, a voltage of -V is always continuously 
applied after the concerned scanning is finished, 
whereby it is possible that the picture element is readily 
switched to the "dark' condition before the scanning of 
one image area is completed. 

In order to prevent such an unfavorable phenome 
non, a method as shown in FIG. 18(b) may be used. In 
accordance with this method, scanning signals and in 
formation signals are not successively supplied, but a 
predetermined time period At serving as an auxiliary 
signal applying period is provided to give an auxiliary 
signal allowing the signal electrodes to be earthed dur 
ing this time period. During the auxiliary signal apply 
ing period, the scanning electrode is similarly placed in 
earthed condition, i.e. at zero volt applied between the 
scanning electrodes and signal electrodes. Thus, this 
makes it possible to substantially eliminate dependency 
when a voltage is applied at a threshold voltage of the 
ferroelectric liquid crystal shown in FIG. 19. Accord 
ingly, it is possible to prevent that the "bright' state 
obtained in the picture element A is switched to the 
"dark' state. The same discussion is applicable to other 
picture elements. 
This mode is characterized in that an information 

written once can be maintained over a period until the 
subsequent writing is effected, although the ferroelec 
tric liquid crystal has characteristics as shown in FIG. 
19. 
A preferred embodiment of this mode can be carried 

out by applying signals shown in a time chart of FIG. 20 
to the scanning electrodes and the group of signal elec 
trodes. 

In FIG. 20, V is expressed as a predetermined voltage 
suitably determined by a liquid crystal material, a thick 
ness of the liquid crystal, setting temperature, surface 
processing conditions of a base plate, etc. wherein scan 
ning signals are pulses which alternate between t2 
volts. Each information signal supplied to the group of 
signal electrodes in synchronism with the pulses is a 
voltage of +V or -V corresponding to the informa 
tion of "bright' or "dark", respectively. When scanning 
signals are viewed along the progress of time, a time 
period At serving as an auxiliary signal applying period 
is provided between the scanning electrode Sn (the n-th 
scanning electrode) and the scanning electrode Sn 
(the n--1-th scanning electrode). During this time per 
iod when auxiliary signals having polarity opposite to 
those of signals when the scanning electrode is scanned 
are supplied to the group of signal electrode, time-shar 
ing signals supplied to respective signal electrodes are 
shown by I1 to I3, e.g. in FIG. 20. Namely, auxiliary 
signals 1a, 2a, 3a, 4a and 5a shown in FIG. 20 have 
polarities opposite to those of information signals 1,2,3, 
4 and 5, respectively. Accordingly, when a voltage 
applied to the picture element A shown in FIG. 20 is 
considered along time progress, even if the same infor 
mation signal is successively supplied to one signal elec 
trode, the dependency of voltage applying time with 
respect to the threshold voltage in the ferroelectric 
liquid crystal is cancelled, because a voltage actually 
applied to the picture element A is an alternating volt 
age lower than the threshold voltage Vith, whereby such 
a possibility is removed that a desired information (in 
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this case, "bright") formed by scanning of scanning 
electrode S1 is switched before the subsequent writing is 
carried out. 

Referring to FIG. 21(a), there is shown a simplified 
electrical system diagram when a ferroelectric liquid 
crystal cell is driven in accordance with a driving 
scheme shown in FIG. 20. A liquid crystal cell is 
formed with a matrix electrode arrangement compris 
ing a group of scanning electrodes and a group of signal 
electrodes as previously described. A scanning elec 
trode driving circuit comprising a clock generator pro 
ducing predetermined clock signals, a scanning elec 
trode selector responsive to predetermined clock sig 
nals to produce selection signals for selecting scanning 
electrodes, and a scanning electrode driver responsive 
to selection signals to sequentially drive the group of 
the scanning electrodes. Scanning electrode drive sig 
nals supplied to the group of scanning electrodes is 
formed by supplying clock signals fed from the clock 
generator to the scanning electrode selector thereafter 
to supply selection signals fed from the scanning elec 
trode selector to the scanning electrode driver. 
On the other hand, a signal electrode driving circuit 

comprising the above-mentioned clock generator, a 
data generator producing data signals in synchronism 
with the clock signals, a data modulator to modulate 
data signals fed from the data generator in synchronism 
with clock signals to produce data modulation signals 
functioning as information signals and auxiliary signals, 
and a signal electrode driver responsive to data modula 
tion signals to sequentially drive the group of signal 
electrodes. Signal electrode drive signals (DM) are 
formed by supplying outputs (DS) of the data generator 
to the data modulator in synchronism with clock signals 
to supply the information signals and the auxiliary sig 
nals obtained as outputs of data modulator to the signal 
driver. 

FIG. 21(b) shows an example of signals which are 
output from the data modulator, which correspond to 
signals I in the preceding embodiment in FIG. 20. 

Referring to FIG. 21(c), there is shown an example of 
a circuit schematically showing the data modulator 
which outputs signals shown in FIG. 21(b). The modu 
lator circuit shown in FIG. 21(c) comprises two interv 
ers 211 and 212, two AND gates 213 and 214 and an OR 
gate 215. 
FIG.22 shows a modified embodiment of this mode 

of the present invention. Instead of +2 V pulse applied 
to a selected scanning electrode used in the embodiment 
shown in FIG. 20, the embodiment shown in FIG. 22 
employs t3 V pulse. 

In order to effectively perform the driving method 
according to the present invention, it is obvious that it is 
not necessarily required that electric signals supplied to 
scanning electrodes or signal electrodes are a simple 
symmetrical rectangular wave as explained in the 
above-mentioned embodiment. For instance, it is possi 
ble to drive a liquid crystal device with a sine wave or 
triangular wave. Further, generally, it is possible to use 
a threshold voltage of different values Vth in accor 
dance with surface processing state of two base plates 
between a liquid crystal is interposed. Accordingly, 
when two base plates having different surface process 
ing states are used, an asymmetrical signal may be given 
with respect to a reference voltage such as zero voltage 
(earth) depending upon the difference between thresh 
old voltages of two base plates. Moreover, in the above 
embodiment, an auxiliary signal obtained by inverting 
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the latest information signal is used. However, an auxil 
iary signal obtained by inverting the polarity of a subse 
quent information signal may also be used. In this in 
stance, a voltage with an absolute value different from 
those of the information signals may also be used. Fur 
thermore, an auxiliary signal obtained by statistically 
processing not only the contents of the latest informa 
tion signal but also a plurality of information signals 
used up to that time may also be used. 

FIG. 23 shows a schematic plan view of a liquid 
crystal-optical shutter which is a preferable exemplary 
device to which the above-mentioned driving method 
according to the present invention is applied. Reference 
numeral 231 denotes a picture element. Electrodes on 
the both sides are formed with a transparent material 
only at the area of the picture elements 231. The matrix 
electrode arrangement comprises a group of scanning 
electrodes 232 and a group of signal electrodes 233 
oppositely spaced from the group of scanning elec 
trodes 232. 
The method according to the present invention can 

be widely applied to the field of optical shutters or 
displays, e.g. liquid crystal-optical shutter, liquid crystal 
televisions, etc. 
What is claimed is: 
1. In a driving method for an optical modulation 

device having a matrix electrode arrangement compris 
ing a group of scanning electrodes, a group of signal 
electrodes oppositely spaced from the group of scan 
ning electrodes, and an optical modulation material 
showing a first stable state and a second stable state with 
respect to an electric field applied thereto interposed 
between the group of scanning electrodes and the group 
of signal electrodes, 

the improvement comprising the steps of: 
(a) applying a voltage of one polarity, allowing said 

optical modulation material to be oriented to a first 
stable state, between a scanning electrode selected 
from said group of scanning electrodes and a signal 
electrode selected from said group of signal elec 
trodes, 

(b) applying a voltage of the other polarity, allowing 
said optical modulation material to be oriented to a 
second stable state, between a scanning electrode 
selected from said group of scanning electrodes 
and a signal electrode which is not selected from 
said group of signal electrodes, and 

(c) applying a voltage, set to a value between a 
threshold voltage -Vih2 (for said second stable 
state) and a threshold voltage Vth (for said first 
stable state) of said optical modulation material, 
between a scanning electrode which is not selected 
from said group of scanning electrodes and said 
group of signal electrodes. 

2. A driving method for an optical modulation device 
according to claim 1, wherein said optical modulation 
material is a ferroelectric liquid crystal. 

3. A driving method for an optical modulation device 
according to claim 2, wherein said ferroelectric liquid 
crystal is a liquid crystal having a smectic phase. 

4. A driving method for an optical modulation device 
according to claim 2, wherein said ferroelectric liquid 
crystal is a liquid crystal having a chiral-smectic phase. 

5. A driving method for an optical modulation device 
according to claim 1, wherein said liquid crystal having 
a chiral-smectic phase is in a state where a helical struc 
ture is not formed. 
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6. A driving method for an optical modulation device 

according to claim 6, wherein said liquid crystal having 
a chiral-smectic phase has a C-phase or H-phase. 

7. A driving method according to claim 1, wherein 
the steps (a) and (b) are operated in different phases. 

8. A driving method according to claim 1, wherein 
the voltages applied in the steps (a) and (b) have mutu 
ally opposite polarities. 

9. In a driving method for an optical modulation 
device having a matrix electrode arrangement compris 
ing a group of scanning electrodes, a group of signal 
electrodes oppositely spaced from the group of scan 
ning electrodes, and a ferroelectric liquid crystal dis 
posed between said group of scanning electrodes and 
said group fo signal electrodes, the improvement com 
prising: 

(a) in a first phase, applying a voltage of one polarity, 
allowing said ferroelectric liquid crystal to be ori 
ented to a first stable state, between a scanning 
electrode selected from said group of scanning 
electrodes and said group of signal electrodes, and 

(b) in a second phase, applying a voltage of the other 
polarity, allowing said ferroelectric liquid crystal 
oriented to said first stable state to be oriented to a 
second stable state, between said selected scanning 
electrode and a signal electrode selected from said 
group of signal electrodes. o 

10. A driving method for an optical modulation de 
vice according to claim 9, wherein a gradation signal is 
applied to said selected signal electrode in the second 
phase. 

11. A driving method for an optical modulation de 
vice according to claim 9, wherein said ferroelectric 
liquid crystal is a liquid crystal having a smectic phase. 

12. A driving method for an optical modulation de 
vice according to claim 9 wherein said liquid crystal is 
a liquid crystal having a chiral smectic phase. 

13. A driving method for an optical modulation de 
vice according to claim 12, wherein said liquid crystal 
having a chiral-smectic phase is in a state where a heli 
cal structure is not formed. 

14. A driving method for an optical modulation de 
vice according to claim 12, wherein said liquid crystal 
having chiral-smectic phase has a C-phase or H-phase. 

15. In a driving method for an optical modulation 
device having a matrix electrode arrangement compris 
ing a group of scanning electrodes, a group of signal 
electrodes oppositely spaced from said group of scan 
ning electrodes, and an optical modulation material 
showing a first stable state and a second stable state 
depending on an electric field applied interposed be 
tween said group of scanning electrodes and said group 
of signal electrodes, 

the improvement comprising: 
(a) applying a voltage Vov, allowing said optical 

modulation material to be oriented to the first sta 
ble state, between a scanning electrode selected 
from said group of scanning electrodes and a signal 
electrode selected from said group of signal elec 
trodes, 

(b) applying a voltage VoN2, allowing said optical 
modulation material to be oriented to the second 
stable state, between a scanning electrode selected 
from said group of scanning electrodes and a signal 
electrode which is not selected from said group of 
signal electrodes, - 

(c) applying a voltage VoFF, set to a value between a 
threshold voltage -Vih2, (for the second stable 
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state) and a threshold voltage Vh1 (for the first 
stable state) of said optical modulation material, 
between a scanning electrode which is not selected 
from said group of scanning electrodes and said 
group of signal electrodes, and 

(d) having said voltages VON, VON2 and VoFF satisfy 
the following relationships: 

2VoFFCVON, and 2VoFFCVON2. 

16. A driving method for an optical modulation de 
vice according to claim 15, wherein 

(a) an electric signal V1(t) of which voltage polarity 
with respect to a base potential changes in accor 
dance with a phase variation is applied to the se 
lected scanning electrode, 

(b) electric signals V2 and V2, of different voltage 
polarities are applied to the selected signal elec 
trode and the non-selected signal electrode, respec 
tively, and 

(c) having the signals V2 and V2a satisfy the following 
relationships: 

where V1(t)max. and V(t)min. denote maximum 
and minimum values, respectively, of said electric 
signal V1(t) applied to said scanning electrodes 
within a scanning signal phase period. 

17. A driving method for an optical modulation de 
vice according to claim 15, wherein said optical modu 
lation material is a ferroelectric liquid crystal. 

18. A driving method for an optical modulation de 
vice according to claim 17, wherein said ferroelectric 
liquid crystal is a liquid crystal having a smectic phase. 

19. A driving method for an optical modulation de 
vice according to claim 18, wherein said ferroelectric 
liquid crystal is a liquid crystal having a chiral-smectic 
phase. 

20. A driving method for an optical modulation de 
vice according to claim 19, wherein said liquid crystal 
having a chiral-smectic phase is a state where a helical 
structure is not formed. 

21. A driving method for an optical modulation de 
vice according to claim 19 or 20, wherein said liquid 
crystal having chiral smectic phase has a C-phase or 
H-phase. 

22. In a driving method for an optical modulation 
device having a matrix electrode arrangement compris 
ing a group of scanning electrodes, and a group of signal 
electrodes oppositely spaced from the group of scan 
ning electrodes, wherein scanning signals are selec 
tively applied sequentially and periodically to said 
group of scanning electrodes and information signals 
are selectively applied to said group of signal electrodes 
in synchronism with said scanning signals, thereby to 
effect optical modulation of an optical modulation ma 
terial showing a first stable state and a second stable 
state with respect to an electric field applied thereto 
interposed between said groups of scanning electrodes 
and signal electrodes; 

the improvement wherein 
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before or after an information signal is applied to a 

selected signal electrode among the group of signal 
electrodes in synchronism with a scanning signal 
applied to a selected scanning electrode among the 
group of scanning electrodes an auxiliary signal 
different from the information signal is applied to 
the selected signal electrode in synchronism with 
the scanning signal. 

23. A driving method for an optical modulation de 
vice according to claim 22, wherein the scanning signal 
applied to the selected scanning electrode has phases of 
different voltages. 

24. A driving method for an optical modulation de 
vice according to claim 22 or 23, wherein the informa 
tion signal applied to the selected signal electrode has a 
voltage different from that of a voltage signal signal 
applied to a non-selected signal electrode. 

25. A driving method for an optical modulation de 
vice according to claim 23, wherein the scanning signal 
applied to the selected scanning electrode has phases of 
different voltage polarities. 

26. A driving method for an optical modulation de 
vice according to claim 24, wherein the information 
signal applied to the selected signal electrode has a 
voltage polarity different from that of the voltage signal 
applied to the non-selected signal electrode. 

27. A driving method for an optical modulation de 
vice according to claim 22, wherein the auxiliary signal 
has a different voltage polarity from that of the informa 
tion signal applied to the selected signal electrode. 

28. A driving method for an optical modulation de 
vice according to claim 22, wherein said optical modu 
lation material is a ferroelectric liquid crystal. 

29. A driving method for an optical modulation de 
vice according to claim 28, wherein said ferroelectric 
liquid crystal is a liquid crystal having a smetic phase. 

30. A driving method for an optical modulation de 
vice according to claim 28, wherein said liquid crystal is 
a liquid crystal having a chiral-smectic phase. 

31. A driving method for an optical modulation de 
vice according to claim 30, wherein said liquid crystal 
having chiral-smectic phase is in a state where a helical 
structure is not formed. 

32. A driving method for an optical modulation de 
vice according to claim 30, wherein said liquid crystal 
having a chiral-smectic phase has a C-phase or H-phase. 

33. A driving method for an optical modulation de 
vice according to claim 31, wherein said liquid crystal 
having a chiral-smectic phase has a C-phase or H-phase. 

34. A driving method for an optical modulation de 
vice comprising picture elements arranged in a plurality 
of rows, each picture element comprising a pair of op 
positely spaced electrodes and an optical modulation 
material interposed therebetween having a first and a 
second stable state depending on an electric field ap 
plied thereto, said driving method comprising address 
ing said plurality of picture elements by applying a 
scanning signal row by row, wherein 
a first voltage signal of one polarity orienting the 

optical modulation material to the first stable state 
is applied to a picture element in an addressed row 
of picture elements, 

a second voltage signal of the other polarity orienting 
the optical modulation material to the second sta 
ble state is applied to another picture element in the 
addressed row of picture elements, and 
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a third voltage signal allowing the optial modulation 
material to maintain its first or second stable state is 
applied to non-addressed rows of picture elements. 

35. A driving method according to claim 34, wherein 
said first and second voltage signals are applied in dif- 5 
ferent phases t1 and t2 respectively. 

36. A driving method according to claim 34, wherein 
said scanning signal applied row by row comprises an 
alternating voltage with mutually opposite voltage po 
larities in consecutive phases t1 and t2. 10 

37. A driving method according to claim 34, wherein 
said optical modulation material has a first threshold 
voltage for the first stable state and a second threshold 
voltage for the second stable state, and said third volt 
age signal is between the first and second threshold 
voltages. 

38. A driving method according to claim 34, wherein 
said optical modulation material is a ferroelectric liquid 
crystal. 

39. A driving method according to claim 38, wherein 20 
said ferroelectric liquid crystal is a liquid crystal having 
a chiral smetic phase. 

40. A driving method according to claim 39, wherein 
25 

41. A driving method according to claim 39, wherein 
said chiral smectic liquid crystal is in a state where its 
spiral structure is loosened. 

42. A driving method for a liquid crystal device com 
prising picture elements arrange in a plurality of rows, 
each picuture element comprising a pair of oppositely 
spaced electrodes and a ferroelectric liquid crystal in 
terposed therebetween, said driving method comprising 
sujecting said plurality of rows of picture elements to 35 
application of voltage, wherein 

a first voltage signal orienting the ferroelectric liquid 
crystal to the first stable state is applied to at least 
a part of the picture elements in phase t1 and 

a second voltage signal orienting the ferroelectric 40 
liquid crystal to the second stable state is applied to 
selected picture elements among said at least a part 
of the picture elements in phase t2. 

43. A driving method according to claim 42, wherein 
said first and second voltage signals have opposite po- 45 
larities with each other. 

44. A driving method according to claim 42, wherein 
said ferroelectric liquid crystal is a chiral smectic liquid 
crystal. 

45. A driving method according to claim 44, wherein 50 
said chiral smectic liquid crystal is a chiral smectic C 
liquid crystal. 

46. A driving method according to claim 44, wherein 
said chiral smectic liquid crystal is in a state where its 
spiral structure is loosened. 55 

47. A liquid crystal apparatus, comprising: 
a liquid crystal device comprising picture elements 

arranged in a plurality of rows, each picture ele 
ment comprising a pair of oppositely spaced elec 
trodes and a liquid crystal having a first and a sec- 60 
ond stable state depending on an electric field ap 
plied, and 

means for addressing and applying voltage signals to 
said plurality of rows of picture elements row by 
row, said means for addressing and applying volt- 65 
age signals further comprising: 

means for applying a first voltage signal capable of 
orienting the liquid crystal to the first stable state to 

30 
a picture element in an addressed row of picture 
elements, 

means for applying a second voltage signal capable of 
orienting the liquid crystal to the second stable 
state to another picture element in the addressed 
row, and 

means for applying a third voltage signal allowing the 
liquid crystal to maintain its first or second stable 
state to non-addressed rows of picture elements. 

48. A liquid crystal apparatus crystal apparatus ac 
cording to claim 47, wherein said liquid crystal has a 
first threshold voltage for the first stable state and a 
second threshold voltage for the second stable state, 
and said third voltage signal is between the first and 
second threshold voltages. 

49. A liquid crystal apparatus according to claim 47, 
wherein said liquid crystal is a ferroelectric liquid crys 
tal. 

50. A liquid crystal apparatus according to claim 49, 
wherein said ferroelectric liquid crystal is a chiral smec 
tic liquid crystal. 

51. A liquid crystal apparatus according to claim 50, 
wherein said chiral smectic liquid crystal is a chiral 
smectic Cliquid crystal. 

52. A liquid crystal apparatus according to claim 50, 
wherein said chiral smectic liquid crystal is in a state 
where its spiral structure is loosened. 

53. A liquid crystal apparatus, comprising: 
a liquid crystal device comprising picture elements 

arranged in a plurality of rows, each picture ele 
ment comprising a pair of oppositely spaced elec 
trodes and a ferroelectric liquid crystal interposed 
therebetween, and 

means for addressing and applying voltage signals to 
said plurality of rows of picture elements row by 
row, said means for addressing and applying volt 
age signals further comprising: 

means for applying a first voltage signal capable of 
orienting the ferroelectric liquid crystal to the first 
stable state to at least a part of the picture elements 
in phase t1, and 

means for applying a second voltage signal capable of 
orienting the ferroelectric liquid crystal to the sec 
ond stable state row by row to selected picture 
elements among said at least a part of the picture 
elements in phase t2. 

54. A liquid crystal apparatus according to claim 53, 
wherein said ferroelectric liquid crystal is a chiral smec 
tic liquid crystal. 

55. A liquid crystal apparatus according to claim 54, 
wherein said chiral smectic liquid crystal is a chiral 
smectic Cliquid crystal. 

56. A liquid crystal apparatus according to claim 54, 
wherein said chiral smectic liquid crystal is in a state 
where its spiral structure is loosened. 

57. A liquid crystal apparatus, comprising: 
a liquid crystal device comprising picture elements 

arranged in a plurality of rows, each picture ele 
ment comprising a pair of oppositely spaced elec 
trodes and a ferroelectric liquid crystal, and 

means for addressing and applying voltage signals to 
said plurality of rows of picture elements row by 
row, said means for addressing and applying volt 
age signals further comprising: 

means for applying a first voltage signal, capable of 
orienting the ferroelectric liquid crystal to the first 
stable state, to the picture elements in an addressed 
row of picture elements, 
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means for applying a second voltage signal to a se 
lected picture element among the picture elements 
in the addressed row for orienting the ferroelectric 
liquid crystal to the second stable state, and apply 
ing a third voltage signal not exceeding a threshold 
voltage to a non-selected picture element among 
the picture elements in the addressed row, and 

means for applying a forth voltage signal, allowing 
the ferroelectric liquid crystal to maintain its first 
or second stable state, to non-addressed rows of 
picture elements. 

58. A liquid crystal apparatus according to claim 57, 
wherein said ferroelectric liquid crystal has a first 
threshold voltage for the first stable state and a second 
threshold voltage for the second stable state, and said 
third voltage signal is between the first and second 
threshold voltages. 

59. A liquid crystal apparatus according to claim 57, 
wherein said ferroelectric liquid crystal is a chiral smec 
tic liquid crystal. 

60. A liquid crystal apparatus according to claim 59, 
wherein said chiral smectic liquid crystal is a chiral 
smectic Cliquid crystal. 

61. A liquid crystal apparatus according to claim 59, 
wherein said chiral smectic liquid crystal is in a state 
where its spiral structure is loosened. 

62. A driving method for a liquid crystal device com 
prising a plurality of picture elements arranged in a 
plurality of rows, each picture element comprising a 
pair of oppositely spaced electrodes and a ferroelectric 
liquid crystal disposed between the electrodes assuming 
a first and a second stable state and having threshold 
voltages Vh1 and -Vih2 for the first and second stable 
states, respectively, said driving method comprising: 

(a) in a first phase, applying row by row a first volt 
age signal for orienting the ferroelectric liquid 
crystal to the first stable state and a second voltage 
signal not exceeding the threshold voltages Vh. 
and -Vih2 selectively between the oppositely 
spaced electrodes of the picture elements, and 

(b) in a second phase, applying row by row a third 
voltage signal for orienting the ferroelectric liquid 
crystal to the second stable state and a fourth volt 
age signal not exceeding the threshold voltages 
Vh1 and -Vih2 selectively between the oppositely 
spaced electrodes of the picture elements. 

63. A driving method according to claim 62, wherein 
said first and second phases of operations are carried out 
consecutively on a selected row of the picture elements. 

64. A driving method according to claim 62, wherein 
said ferroelectric liquid crystal is in a chiral smectic 
phase of a non-spiral structure. 

65. A driving method for a liquid crystal device com 
prising a plurality of picture elements arranged in a 
plurality of rows, each picture element comprising a 
pair of oppositely spaced electrodes and a ferroelectric 
liquid crystal disposed between the electrodes adsuming 
a first or a second stable state and having threshold 
voltages Vh1 and -Vth2 for the first and second stable 
states, respectively, said driving method comprising: 

(a) in a first phase, applying row by row a first volt 
age signal for orienting the ferroelectric liquid 
crystal to the first stable state to at least a part of 
the picture elements, and 

(b) in a second phase, applying row by row a second 
voltage signal for orienting the ferroelectric liquid 
crystal to the second stable state to a selected pic 
ture element among said at least a part of the pic 
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ture elements wherein the ferroelectric liquid crys 
tal has been oriented to the first stable state, and 
applying a third voltage signal not exceeding the 
threshold voltages Vh1 and -Vih2 to a non 
selected picture element among said at least a part 
of the picture elements in the addressed row. 

66. A driving method according to claim 65, wherein 
said first and second phases of operations are consecu 
tively carried out on a same row and repeated row by 
row with respect to said at least a part of the picture 
elements. 

67. A driving method according to claim 65, wherein 
said first and second voltage signals have opposite po 
larities with each other. 

68. A driving method according to claim 65, whrein 
said ferroelectric liquid crystal is a chiral smectic liquid 
crystal. 

69. A driving method according to claim 68, wherein 
said chiral smectic liquid crystal is a chiral smectic C 
liquid crystal. 

70. A driving method according to claim 68, wherein 
said chiral smectic liquid crystal is in a state where its 
spiral structure is loosened. 

71. In a driving method for an optical modulation 
device comprising a plurality of picture elements, each 
picture element comprising a pair of oppositely spaced 
electrodes and an optical modulation finaterial showing 
a first stable state and a second stable state depending on 
an electric field applied thereto and having a first 
threshold voltage and a second threshold voltage for 
the first and second stable state, respectively; said driv 
ing method comprising: 

(a) in a first phase, applying a first voltage signal of 
one polarity exceeding the first threshold voltage 
to the plurality of picture elements, thereby to 
orient bring the picture elements to a state based on 
the first stable state of the optical modulation mate 
rial, and 

(b) in a second phase, applying a second voltage sig 
nal of the other polarity exceeding the second 
threshold voltage to a selected picture element 
among the plurality of picture elements thereby to 
orient bring the selected picture element to a state 
based on the second stable state of the optical mod 
ulation material, and applying a third voltage signal 
to non-selected picture elements for allowing the 
non-selected picture elements to retain the state 
based on the first stable state of the optical modula 
tion material. 

72. A driving method according to claim 71, wherein 
said optical modulation material is a ferroelectric liquid 
cystal. 

73. In a driving method for an optical modulation 
device comprising a plurality of picture elements ar 
ranged in a plurality of rows, each picture element 
comprising a pair of oppositely spaced electrodes and 
an optical modulation material showing a first stable 
state and a second stable state depending on an electric 
field applied thereto and having a first threshold voltage 
and a second threshold voltage for the first and second 
stable states, respectively; said driving method compris 
1ng: 

(a) in a first phase, applying row by row a first volt 
age signal of one polarity exceeding the first 
threshold voltage to at least a part of the picture 
elements to orient bring said at least a part of the 
picture elements to a state based on the first stable 
state of the optical modulation material, and 
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(b) in a second phase, applying row by row a second 
voltage signal of the other polarity exceeding the 
second threshold voltage to a selected picture ele 
ment among said at least a part of the picture ele 
ments in the addressed row thereby to orient bring 
the selected picture element to a state based on the 
second stable state of the optical modulation mate 
rial, and a third voltage signal to non-selected pic 
ture elements among said at least a part of the pic 
ture elements in the addressed row for allowing the 
non-selected picture elements to retain the state 
based on the first stable state of the optical modula 
tion material. 

74. A driving method according to claim 73, wherein 
said first and second phases of operations are consecu 
tively carried out on a same row and repeated row by 
row with respect to said at least a part of the picture 
elements. 

75. A driving method according to claim 73, wherein 
said optical modulation material is a ferroelectric liquid 
crystal. 

76. A driving method according to claim 72 or 75, 
wherein said ferroelectric liquid crystal is in a chiral 
smectic phase of a non-spiral structure. 

77. A driving method according to claim 73, wherein 
the first and second phases of operations are carried out 
consecutively. 

78. A driving method for an optical modulation de 
vice comprising a plurality of picture elements arranged 
in a plurality of rows, each picture element comprising 
a pair of oppositely spaced electrodes and a ferroelec 
tric liquid crystal disposed between the electrodes 
showing a first stable state and a second stable state 
depending on an electric field applied, said driving 
method comprising the steps of: 

(a) orienting the ferroelectric liquid crystal at the 
picture elements on a selected row selectively to 
either the first or second stable state by applying a 
voltage of one polarity or the other polarity, re 
spectively, to write in the picture elements, the 
selection of rows being conducted row by row, and 

(b) applying an alternating voltage signal lower than 
a threshold voltage of the ferroelectric liquid crys 
tal at the picture elements on non-selected rows, in 
parallel with the step (a). 

79. A driving method according to claim 78, wherein 
said alternating voltage signal alternates between zero 
and a voltage lower than the threshold voltage. 

80. A driving method according to claim 78, wherein 
the operation in said step (a) comprises: 

in a first phase, applying row by row a first voltage 
signal for orienting the optical modulation material 
to the first stable state and a second voltage signal 
not exceeding the threshold voltages Vh1 and 
-Vih2 of the optical modulation material between 
the oppositely spaced electrodes of the picture 
elements, and 

in a second phase, applying row by row a third volt 
age signal for orienting the optical modulation 
material to the second stable state and a fourth 
voltage signal not exceeding the threshold voltages 
Vh1 and -Vih2 of the optical modulation material 
selectively between the oppositely spaced elec 
trodes of the picture elements. 

81. A driving method according to claim 80, wherein 
said first and second phases of operations are carried out 
consecutively on a selected row of the picture elements. 
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82. A driving method according to claim 78, wherein 

said optical modulation material is a ferroelectric liquid 
crystal. 

83. In a driving method for an optical modulation 
device comprising a plurality of picture elements ar 
ranged in a plurality or rows, each picture element 
comprising a pair of oppositely spaced electrodes and a 
ferroelectric liquid crystal interposed between the elec 
trodes showing a first stable state and a second state 
depending on an electric field applied thereto, 

the improvement comprising the steps of: 
(a) orienting the ferroelectric liquid crystal at a se 

lected picture element in a selected row to its first 
stable state by applying a voltage of one polarity or 
second stable state by applying a voltage of the 
other polarity to write in the picture element, and 

(b) applying to the written picture element a voltage 
signal for preventing the inversion of the orientd 
state of the ferroelectric liquid crystal to another 
state when the written picture element is placed in 
a non-selected row, said voltage signal being set to 
a value between a threshold voltage -Vih2 (for 
said second stable state) and a threshold voltage 
Vh1 (for said first stagle state) of said ferroelectric 
liquid crystal. 

84. A driving method according to claim 83, wherein 
the voltage signal applied for preventing inversion is an 
oscillating or alternating voltage signal. 

85. An optical modulation apparatus, comprising: 
(a) an optical modulation device comprising picture 

elements arranged in plurality or rows, each pic 
ture element comprising a pair of oppositely spaced 
electrodes and a ferroelectric liquid crystal inter 
posed between the electrodes showing a first stable 
state and a second stable state depending on an 
electric field applied, and 

(b) means for addressing and applying voltage signals 
to the picture elements row by row, said means,for 
addressing and applying voltage signals further 
comprising: 

(b1) means for orienting the ferroelectric liquid crys 
tal at a selected picture element in an addressed 
row to its first stable state by applying a voltage of 
one plurality or second stable state by applying a 
voltage of the other polarity to write in the picture 
element, and 

(b2) means for applying to the thus written picture 
element a voltage signal for preventing the inver 
sion of the oriented state of the ferroelectric liquid 
crystal to another state when the written picture 
element is placed in a non-addressed row, said 
voltage signal being set to a value between a 
threshold voltage -Vth2 (for said second stable 
state) and a threshold voltage Vth (for said first 
stable state) of said ferroelectric liquid crystal. 

86. An optical modulation apparatus according to 
claim 85, wherein the voltage signal applied for pre 
venting inversion is an oscillating or alternating voltage. 

87. In a driving method for an optical modulation 
device comprising picture elements arranged in a plu 
rality of rows, each picture element comprising an opti 
cal modulation material showing a first stable state and 
a second stable state; the improved method comprising: 

(a) a first period for writing a first display state based 
on the first stable state of the optical modulation 
material and a second display state based on the 
second stable state of the optical modulation mate 
rial in one row of picture elements, said first period 
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comprising a first phase of applying a voltage sig 
nal of one polarity orienting the optical modulation 
material to the first stable state and a second phase 
of applying a voltage signal of the other polarity 
orienting the optical modulation material to the 
second stable state; and 

(b) a second period for applying to said one row of 
picture elements a voltage signal for retaining the 
display states of the picture elements. 

88. A driving method according to claim 87, wherein 
said optical modulation material is a ferroelectric liquid 
crystal. 

89. A driving method according to claim 88, wherein 
said ferroelectric liquid crystal is a chiral smectic liquid 
crystal. 

90. A driving method according to claim 89, wherein 
said ferroelectric liquid crystal is a chiral smectic liquid 
crystal of a non-spiral structure. 

91. A driving method according to claim 87, wherein 
the operation in said step (a) comprises: 

in a first phase, applying row by row a first voltage 
signal for orienting the optical modulation material 
to the first stable state and a second voltage signal 
not exceeding the threshold voltages Vh1 and 
-Vih2 of the optical modulation material between 
the oppositely spaced electrodes of the picture 
elements, and 

in a second phase, applying row, by row a third volt 
age signal for orienting the optical modulation 
material to the second stable state and a fourth 
voltage signal not exceeding the threshold voltages 
Vh1 and -Vih2 of the optical modulation material 
selectively between the oppositely spaced elec 
trodes of the picture elements. 

92. A driving method according to claim 91, wherein 
said first and second phases of operations are carried out 
consecutively on a selected row of the picture elements. 

93. In a driving method for an optical modulation 
device comprising a plurality of picture elements each 
comprising an optical modulation material showing a 
first stable state and a second stable state depending on 
an electric field applied; said driving method compris 
ing: 

(a) in a first phase, applying to a picture element a 
first signal for orienting the optical modulation 
material at the picture element to the first stable 
state, and 

(b) in a second phase, applying to the picture element 
a second signal for providing a mixed state of the 
optical modulation material oriented to the first 
stable state and the optical modulation material 
oriented to the second stable state corresponding to 
a prescribed gradation. 

94. A driving method according to claim 93, wherein 
said second signal has a pulse waveform varying ac 
cording to the prescribed gradation. 

95. A driving method according to claim 93, wherein 
said second signal comprises a number of pulses varying 
according to the prescribed gradation. 

96. A driving method according to claim 93, wherein 
said optical modulation material is a ferroelectic liquid 
crystal. 

97. A driving method according to claim 96, wherein 
said ferroelectric liquid crystal is a liquid crystal having 
a chiral smetic phase. 

98. A driving method according to claim 97, wherein 
said liquid crystal having a chiral smectic phase is a 
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liquid crystal having a chiral smectic C phase or H 
phase. 

99. A driving method according to claim 97, wherein 
said liquid crystal having a chiral smectic phase is in a 
state where a helical structure is not formed. 

100. In a driving method for an optical modulation 
device having a matrix electrode arrangement compris 
ing a group of scanning electrodes, a group of signal 
electrodes oppositely spaced from the group of scan 
ning electrodes, and an optical modulation material 
assuming a first stable state and a second stable state 
depending on an electric field applied thereto disposed 
between said group of scanning electrodes and said 
group of signal electrodes, the improvement compris 
ling: 

(a) in a first phase, applying a first voltage signal 
allowing said optical modulation material to be 
oriented to a first stable state between a scanning 
electrode selected from said group of scanning 
electrodes and said group of signal electrodes, and 

(b) in a second phase, applying a second voltage sig 
nal allowing the optical modulation material ori 
ented to the first stable state to be partially re-ori 
ented to the second stable state to result in the first 
and second stable states in accordance with a pre 
scribed gradation between said selected scanning 
electrode and a signal electrode selected from said 
group of signal electrodes. 

101. A driving method according to claim 100, 
wherein said second signal has a pulse waveform vary 
ing corresponding to the prescribed gradation. 

102. A driving method according to claim 100, 
wherein said second signal comprises a number of 
pulses varying according to the prscribed gradation. 

103. A driving method according to claim 100, 
wherein said optical modulation material is a ferroelec 
tric liquid crystal. 

104. A driving method according to claim 103, 
wherein said ferroelectric liquid crystal is a liquid crys 
tal having a chiral smectic phase. 

105. A driving method according to claim 104, 
wherein said liquid crystal having a chiral smectic phase 
is a liquid crystal having a chiral smectic C phase or H 
phase. 

106. A driving method according to claim 104, 
wherein said liquid crystal having a chiral smectic phase 
is in a state where a helical structure is not formed. 

107. A liquid crystal apparatus, comprising: 
(a) a liquid crystal device comprising a plurality of 

picture elements arranged in a plurality of rows, 
each picture element comprising a pair of oppo 
sitely spaced electrodes and a ferroelectirc liquid 
crystal disposed between the electrodes assuming a 
first or a second stable state, 

(b) means for addressing the picture elements row by 
rOW, 

(c) means for applying a first voltage signal to at least 
a part of the picture elements in an addressed row 
of picture elements for orienting the ferroelectric 
liquid crystal to the first stable state, 

(d) means for applying a second voltage signal con 
taining a gradation signal to a selected picture ele 
ment among said at least a part of the picture ele 
ments in the addressed row for orienting the ferro 
electric liquid crystal to the second stable state, 
thereby to result in a mixed state of the first stable 
state and the second stable state of the ferroelectric 
liquid crystal at the selected picture element. 
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108. A liquid crystal apparatus according to claim 
107, wherein said gradation signal comprises a number 
of pulses corresponding to a prescribed gradation. 

109. A liquid crystal apparatus according to claim 11, 
wherein said ferroelectric liquid crystal is a chiral smec 
tic liquid crystal. 

110. A liquid crystal apparatus according to claim 
107, where said ferroelectric liquid crystal is a chiral 
smectic liquid crystal of a non-helical structure. 

111. In a driving method for an optical modulation 
device having a matrix electrode arrangement compris 
ing a group of scanning electrodes, a group of signal 
electrodes for providing predetermined information 
signals oppositely spaced from said group fo scanning 
electrodes, and an optical modulation material assuming 
a first stable state and a second stable state depending on 
an electric field applied and interposed between said 
group of scanning electrodes and said signal electrodes, 

the improvement comprising the steps of: 
(a) applying a voltage allowing said optical modula 

tion material to be oriented to a first stable state 
between a scanning electrode selected from said 
group of scanning electrodes and a signal electrode 
selected from signal electrodes to which new 
image information is to be given among said group 
of signal electrodes, 

(b) applying a voltage allowing said optical modula 
tion material to be oriented to a second stable state 
between said selected scanning electrode and a 
signal electrode not selected from the signal elec 
trodes to which new image information is given 
among said group of signal electrodes, and 

(c) applying a voltage set to a value between a thresh 
old voltage -Vth2 (for said second stable state) and 
a threshold voltage Vth (for said first stable state) 
between a non-selected scanning electrode among 
said group of scanning electrodes and said group of 
signal electrodes. 

112. A driving method according to claim 11, 
wherein the steps (a) and (b) are operated in different 
phases. 

113. A driving method according to claim 111, 
wherein the voltages applied in the steps (a) and (b) 
have mutually opposite polarites. 

114. A driving method according to claim 111, 
wherein said optical modulation material is a ferroelec 
tric liquid crystal. 

115. A driving method according to claim 114, 
wherein said ferroelectric liquid crystal is a liquid crys 
tal having a smectic phase. - 

116. A driving method according to claim 114, 
wherein said ferroelectric liquid crystal is a liquid crys 
tal having a chiral smectic phase. 

117. A driving method according to claim 116, 
wherein said liquid crystal having a chiral-smectic 
phase is in a state where a helical structure is not 
formed. 

118. A driving method according to claim 116 or 117, 
wherein said liquid crystal having a chiral smectic phase 
has a C-phase or H-phase. 

119. A driving method for an optical modulation 
device comprising a plurality of picture elements ar 
ranged in a plurality of rows, each picture element 
comprising a pair of oppositely spaced electrodes and 
an optical modulation material disposed between the 
electrode assuming a first or a second stable state de 
pending on an electric field applied, said driving 
method comprising: 
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(a) in a first phase, applying a first voltage signal for 

orienting the optical modulation material to the 
first stable state between the oppositely spaced 
electrodes of selected picture elements in a plural 
ity of rows, and 

(b) in a second phase, applying row by row a second 
voltage signal for orienting the optical modulation 
material to the second stable state and a third volt 
age signal, not exceeding the threshold voltages 
selectively between the oppositely spaced elec 
trodes of the selected picture elements, thereby to 
rewrite the selected picture elements among said 
plurality of picture elements. 

120. A driving method according to claim 119, 
wherein said first and second voltage signals comprise 
voltages with mutually opposite polarities. 

121. A driving method according to claim 119 
wherein said optical modulation material is a ferroelec 
tric liquid crystal. 

122. A driving method according to claim 121, 
wherein said ferroelectric liquid crystal is in a chiral 
Snectic phase of a non-spiral structure. 

123. A driving method for a liquid crystal device 
comprising a plurality of picture elements arranged in a 
plurality of rows and columns and capable of defining 
therein a rewriting region and a non-rewriting region, 
each picture element comprising a pair of oppositely 
spaced electrodes and a ferroelectric liquid crystal dis 
posed between the electrodes assuming a first or a sec 
ond stable state and having threshold voltages Vh1 and 
-Vth2 for the first and second stable states, respec 
tively, said driving method comprising: 

(a) in a first phase, applying row by row a first volt 
age signal for orienting the ferroelectric liquid 
crystal to the first stable state and a second voltage 
signal not exceeding the threshold voltages Vahl 
and -Vth2 between the oppositely spaced elec 
trodes of the picture elements in the rewriting re 
gion, and 

(b) in a second phase, applying row by row a third 
voltage signal for orienting the ferroelectric liquid 
crystal to the second stable state and a fourth volt 
age signal not exceeding the threshold voltages 
Vh1 and -Vih2 selectively between the oppositely 
spaced electrodes of the picture elements in the 
rewriting region, thereby to rewrite the picture 
elements in the rewriting region. 

124. A driving method according to claim 123, 
wherein said first and second phases of operations are 
carried out consecutively on a selected row of the pic 
ture elements. 

125. A driving method according to claim 123, 
wherein said ferroelectric liquid crystal is in a chiral 
smectic phase of a non-spiral structure. 

126. In a driving method for an optical modulation 
device comprising a plurality of picture elements ar 
ranged along a plurality of scanning lines and a plurality 
of signal lines, each picture element comprising an opti 
cal modulation material showing a first stable state and 
a second stable state depending on an electric field ap 
plied, the improvement comprising: 

(a) defining a rewriting region and a non-rewriting 
region in a picture ara constituted by the plurality 
of picture elements, 

(b) sequentially applying a scanning signal to scan 
ning lines connected to the picture elements in the 
rewriting region, and selectively applying signals 
based on rewriting information to the signal lines 
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connected to the picture elements in the rewriting 
region, and 

(c) applying to the picture elements in the non-rewrit 
ing region a signal for not changing the display 
states of the picture elements. 

127. A driving method according to claim 126, 
wherein a signal for not changing display states is ap 
plied to the signal lines connected to the picture ele 
ments which are within the non-rewriting region and 
are connected to the scanning lines that are connected 
to the picture elements within the rewriting region. 

128. A driving method according to claim 127, 
wherein said signal for not changing display states is a 
signal having the same waveform as that of said scan 
ning signal. 

129. A driving method according to claim 126, 
wherein said optical modulation material is a ferroelec 
tric liquid crystal. 

130. A driving method according to claim 1, wherein 
said ferroelectric liquid crystal is a liquid crystal having 
a chiral smectic phase. 

131. A driving method according to claim 130, 
wherein said liquid crystal having a chiral smectic phase 
is a liquid crystal having a chiral smectic C phase or H 
phase. 

132. A driving method according to claim 130, 
wherein said liquid crystal having a chiral smectic phase 
is in a state where a helical structure is not formed. 

133. In a driving method for an optical modulation 
device comprising a plurality of picture elements ar 
ranged along a plurality of scanning lines and a plurality 
of signal lines, each picture element comprising an opti 
cal modulation material showing a first stable state and 
a second stable state and having a threshold voltage for 
the first and second stable states, the improvement com 
prising: 

(a) applying an electric signal VoN exceeding the 
threshold voltage of the optical modulation mate 
rial to a selected picture element on a selected 
scanning line, 

(b) applying an electric signal VoFFnot exceeding the 
threshold voltage of the optical modulation mate 
rial to the picture elements on the non-selected 
scanning lines or to the non-selected picture ele 
ments on the selected scanning lines, and 
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(c) having the VoN and VoFF satisfy the following 

relationship: 

2 WoFFi C VON. 

134. A driving method according to claim 133, 
wherein said electric signal VoN is given by the combi 
nation of a scanning signal V1 varying between the 
maximum of Vimax and the minimum of Vinin within 
one scanning period, and an information signal V2 ap 
plied in phase with the scanning signal, said signals V1 
and V2 satisfying the relationship of: 

1 < Vimax/2, 
or 

1 < Vimin/V2. 

135. A driving method according to claim 134, 
wherein said signals V and V2 satisfy the relationship 
of: 

1 < Winin/V<10. 

136. A driving method according to claim 133, 
wherein said electric signal Von comprises an electric 
signal VoN orienting said optical modulation material 
to the first stable state and an electric signal VoN2 for 
orineting said optical modulation material to the second 
stable state, and said electric signal Vorris set to a value 
between a first threshold voltage Vh1 (for the first sta 
ble stated and a second threshold voltage-Vih2 (for the 
second stable state). 

137. A driving method according to claim 133, 
wherein the operations of the steps (a) and (b) are car 
ried out consecutively on a selected scanning line. 

138. A driving method according to claim 133, 
wherein said optical modulation material is a ferroelec 
tric liquid crystal. 

139. A driving method according to claim 138, 
wherein said ferroelectric liquid crystal is a liquid crys 

45 

SO 

55 

tal having a chiral smectic phase. 
140. A driving method according to claim 1, wherein 

said liquid crystal having a chiral smectic phase is in a 
state where a helical structure is not formed. 

k 
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